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PREFACE 


This book is written very plainly so that all can 
understand it. The formulas are clear and distinct. 
All that is necessary is to read the problem correctly, 
note what is required, then put down the formula and 
work accordingly. 


Don’t try to learn too much at one time. Learn one 
thing and master it before you undertake another. 


Note.—If the reader will kindly notify us of any errors or omis- 
sions he may find in this book, we will be greatly obliged, as we are 
endeavoring to make this work, as far as it goes, as nearly perfect 
as possible, THE PUBLISHERS 
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FOREWORD. 


The popularity of the first edition of Sellander’s Light- 
ning Calculator and the great demand for more copies led 
the author to revise the book and bring the subject matter 
up to date to keep pace with the progress and improve- 
ments in modern engineering. 

The information has been presented in condensed form 
so simple that this handbook has been a valuable aid to 
those preparing for a license. 

The revised edition was completed a few days before 
the sudden death of the author. His final contribution to 
the engineering world is offered with the hope that this 
publication will encourage prospective engineers to study 
and advance in their profession. 


SUGGESTIONS 
FOR SELF IMPROVEMENT 


“The heights by great men reached and kept, 
Were not attained by sudden flight. 

For they while their companions slept, 

Were toiling upward in the night.” 


—Longfellow. 


Have you reached the top of the ladder in your line of 
work or are you still at the bottom? Are you endeavoring 
to improve yourself by continual study? One can never 
know too much about his trade. 


Although engineers are plentiful, extra good engineers 
are scarce. Begin now to grow continually. Put forth 
effort to be an extra good engineer and watch yourself 


grow. 


The thing that counts in life is not so much what you 
are as what you are becoming. Increase your efficiency 
daily. 


To be successful, one must be determined to win, backed 
by constant willingness to work. You can if you will make 
something worth while of yourself by using and improving 
the ability you have. 

ll 
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Success consists of making the most of your opportuni- 
ties. Endeavor to reach the highest point within the range 
of your capacity by self improvement through study. If 
men could advance without effort, would not the beggar 
be a millionaire? Refuse to let your mind stand still or 
become set. 


There are a number of oilers and water tenders going to 
sea who are fine mechanics and boiler makers. They could 
become first class engineers if they could calculate and 
combine practice and theory. 


Practice and study. Learn something every day, but 
don’t try to learn too much at one time. Master one 
principle before you undertake another. 


Make a special study of the cause of break downs and 
what to do in case of such emergencies. 


Become acquainted with the latest improvements in 
connection with engineering. 
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MEASURES IN COMMON USE BY 
ENGINEERS 


12 inches=1 foot. 

144 sq. in.=1 sq.ft. 12K12=144 

1728 cu. in.=1 cu. ft. 12X1212=1728 
3.1416 = circumference of a one inch circle. 
.7854 X diameter squared = Area. 

7.48 or 7} gallons (nearly) =1 cu. foot. 

1 gallon fresh water weighs 8% Ibs. nearly. 
1 cu. ft. fresh water weighs 62% lbs. 

1 cu. ft. salt water weighs 64 Ibs. 

35.84 cu. ft. fresh water weighs one ton. 
35 cu. ft. salt water weighs one ton. 

6080 ft.=1 knot or 1 nautical mile. 

1 fathom =6 ft. 

2000 lbs. =1 short ton. 

2240 Ibs. =1 long ton. 

42 gallons of fuel oil in a barrel. 

1 gallon fuel oil weighs 8 Ibs. approximately. 
.96 =specific gravity of fuel oil. 

360 degrees in a circle. 

5280 ft.=1 land mile. 

231 cu. in.=1 gallon. 

Diameter squared <.7854= Area. 

Area + .7854 then extract sq. root. = Diameter. 
Diameter 3.1416 = Circumference. 
Circumference +3.1416 = Diameter. 
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PRINCIPAL SIGNS AND ABBREVIATIONS 
USED IN FIGURING. 


+ means plus or add. 
X means multiply by or times. 
+ means to divide by. 
— means minus or take away. 
= means equal to or amount. 
% means percent or percentage. 
° means degrees. 360° in a circle. 
. means decimal point or period. 
’ means feet as 4’ reads 4 ft. 
” means inches as 2” reads 2 inches. 
¥ means to extract sq. root as ¥4=2. 
¥ means to extract cube root as ¥27=3. 
5? means to square number as 57=5 X65. 
4° means to cube number as 44=4 4X4. 
Ibs. means pounds. 
bbls. means barrels. 
gals. mean gallons. 
ft. means feet. 
in. means inches. 
$ means dollars. 
cts. means cents. 
dia. means diameter. 
cir. means circumference. 
There are several others that are used but these are the 
principal ones. 
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TABLES OF MEASURES. 


A measure is a standard unit, established by law or 
custom, by which quantity of any kind is measured. 
The standard unit of dry measure is the Winchester 
bushel; of weight, the pound; of liquid measure, the 


gallon, etc. 
Measures are of six kinds: 
1. Extension. 4. Time. 
2. Weight. 5. Angles. 
3. Capacity. 6. Money or Value. 


Measures of extensions are used in measuring lengths, 
distances, surfaces and solids. 


MEASURES OF EXTENSION. 
LINEAR MEASURE. 
12inches =1 foot in. ft. yd. rds. fr. m. 
3 feet =1 yard 363 1 
5.5 yards =1 rod 198 163 5.5 1 


40rods =1furlong 7,920 660 220 40 1 
8 furlongs=1 mile 63,360 5280 1760 320 8 1 
3 miles =1 league 


SQUARE MEASURE. 


144 square inches=1 square foot. _sq. ft. 
9 square feet =1 square yard. sq. yd. 
30% Square yards =1 square rod. sq. rd. 
160 square rods =1 acre. A. 
640 acres =] “sais mile sq. mi. 


8q.mi. A. q. rd. yd. iq. ft. sq. i 
1 = 640 = - 108,400 ="3,007°600 = 27,878,400 = 4,014.489,600 
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CUBIC MEASURE. 


1728 cubic inches=1 cubic foot. cu. ft. 
27 cubic feet =1 cubic yard. cu. yd 


128 cubicfeet =1 cord. cd. 
24? cubic feet =1 perch. Ps 
cu. yd. cu. ft. cu. in. 

1 = 27 = 46,656 


MEASURES OF WEIGHT 


AVOIRDUPOIS WEIGHT. 

16 ounces =1 pound Ib. 
100 pounds =1 Ressitccstleckh. cwt. 
20 cwt., or 2,000 Ibs. =1 ton “Ds 

a. cwt. lb. OZ. 
1 = 20 = 2,000 = £82,000 


Avoirdupois weight is used for weighing coarse and 


heavy articles. 


LONG TON TABLE. 
16 ounces =1 pound Ib. 
112 pounds =1 hundredweight  cwt. 
20 cwt., or 2,240 Ibs. =1 ton Ty. 
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MEASURES OF CAPACITY 


LIQUID MEASURE. 
4 gills =1 pint. pt. 
2 pints =1 quart. qt. 
4 quarts =1 gallon. gal. 
314 gallons =1 barrel. bbl. 


2 barrels or 63 gallons=1 ies, bhd. 


hhd. bbl. gal. qts. 
1=2=63=252= 504 tg 


DRY MEASURE. 
2 pints =1 quart. qt. 


8 quarts=1 peck. pk. 
4 pecks =1 bushel. bu. 


bu. pk. qts. pt. 
=4=32=64 
MEASURE OF TIME 

60 seconds =1 minute. min. 
60 minutes =1 hour. hr. 
24 hours =1 day. da. 

7 days  =1 week. wk. 

365 days } 

12 months( = 1 common year. yr. 


366 days =1 leap year. 
100 years =1 century. 
380 days =Theaverage month. mo. 
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MEASURE OF ANGLES OR ARCS \ 
60 seconds (”) =1 minute. 
60 minutes =1 degree. 
90 degrees  =1 right angle or quadrant. L. 
360 degrees =I circle. cir. 


1 cir.=360° = 21,600’ = 1,296,000” 


MEASURE OF MONEY. 
10 mills (m) =1 cent. ct. 
10 cents =ldime. d. 
10 dimes =I1dollar. $ 

10 dollars =leagle E 


E. $. d. ct. m. 
1 = 10 = 100 = 1,000 = 10,000 
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FRACTIONS. 


Fractions are parts of a whole number, and are ex- 
pressed by one figure above a line and another below 
it, as 2. The number below the line shows how many 
parts the whole number is divided into, and the one 
above shows how many of these parts are taken. 

The figure above the line is called the numerator, and 
the figure below it the denominator. 


ADDITION OF FRACTIONS. 


When all the fractions have the same denominator, 
simply add together all the numerators, and place the 
result above the common denominator. 


Example: 
$+3+4 

Add the numerators 2+3-+1=6. Place this result over 
5, the common denominator, and the result will be §. 
When reduced, $=1}4. If the fractions have different 
denominators they must first all be reduced to a common 
denominator. For example: }$ and # are as different from 
each other as cherries and forks. You cannot add 5 
cherries and 2 forks, but you could add 5 cherries and 2 
cherries or 5 forks and 2 forks. So, too, you cannot add 
two such different quantities as 4 and %, so they must be 
reduced to a common denominator, just as you must have 
all cherries or all forks to add together and not part forks 
and the other part cherries. 

To find a common denominator, multiply together the 
denominators of the fractions to be added, or find some 
number which each demoninator of the fractions to be 
added will exactly divide. 
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Example: 
i+i=1j. F= 7/8 
i8=1% Ans, 
a= 6/8 
13/8 
The top number (7) is the numerator. 7 


The bottom number (8) is the denominator. 8 

Always use the smallest number for a trial divisor (which 
means that 8 and 4 will both go into 8) you could use 16 
or 32 as a trial divisor and then reduce it to smaller terms 
as ¥=44 and reduced=}. Sometimes you have to mul- 
tiply all the denominators together to get a trial divisor 
(these are the bottom figures of the fraction) as 1+4+-4= 
yes. The bottom figures are 3,5 and 7so 3X5X7=105 
which is the trial divisor. 


3=35 | 105 71 
$=21 | 105 nig re 
$=15 | 105 105 
71 | 105 
23-441=68 Ans. 22=3 | 8 
44=2{ 8 
6 5/8 


6§ Ans 
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SUBTRACTION OF FRACTIONS. 


If the fractions have the same denominators, subtract 
the one numerator from the other and place the common 
denominator under for the answer. 


Example: 
§—3 =} Ans. 

But if the denominators of the fractions be different, 
they must be reduced to a common denominator, and 
then the numerator of the one fraction subtracted from 
the other. 


Example: 
t=? 
=H AHH 

2) 8X2=16 | 5 g=4 
5}40 8}40 Lind 
4b 

Example: 
4i—12=3% Ans. 44=7|8 
oe 11268 
3 21S 
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MULTIPLICATION OF FRACTIONS. 


Rutze—Multiply all the numerators together, and write 
the sum down and put a line under it. Then multiply the 
denominators in the same manner, and put it under the 
line for the denominator. 


Example: 
3X§=74—Ans. 4X 3=,% or }.—Ans. 


Cancelling shortens the method of working out mul- 
tiplication or division of fractions. 


Ruie—Find a number that will divide any of the 
numerators and any of the denominators without a re- 
mainder, and divide them by it, placing the number of 
times it will divide the numerator above it, and the 
number of times it will divide the denominator below it. 


Examples: 
1 
4 3 38 ao 1l= 38 
—xX—=— Ans. 
UEP 2e33 3X11=33 
3 
4 1 
7 Ua a eae ey Socl== B 
—xX—xX—x<K—=— Ans. 
8 2 16 £ 64 8X8 =64 
Dele a a | 
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jbl | 
Yee 
Ix $=2 32 —_—x<—=— 
8 Xt / 4 P 6 
ZS 


Cals 


tet 
2 3 
= 6)A ee eee 
3Xt=1% as = 3 or a 8 
Lees 


342}=8 You can work this two ways. 


20 Proof 


as 3{=*3.20 4=.20 5) ae 


0 


as 23= 2.50 3=.50 or .5 


now 3.20X2.50=8 or you can do it like this: 


3t=16 Se 1 
5B 8 
ss —-=-or 8 Ans. 
2}= 53 2 1 
3 =o ee 


*See Table 4 Fractions Reduced to Decimals. 
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DIVISION OF FRACTIONS. 


_ Rutz—Invert the prvisor, and proceed as in mul- 
tiplication. 


Example: 
1 
eV es eS ee 
—-— = — XS or 1} Ans. 
De Baw 1 hte re 
2 
Exercises: ‘ 
1) 3+ 4; (2) $+4; (8) +H. 
rrr a (2) §+3; (3) +H 
“  (2)—# or 1. 
“  (3)—4£ or 14. 
Joi T wishes 


‘ie eg 
Worked as -X-=- or 1$ or 1.163. 
$ 3 6 


Proof $=.875 #=.75 
875+ .75 = 1.163 Ans. or 14 same, 


Always invert the number you divide by and multiply i 
c 4 ply it 
by the other number which gives answer; as Sivide be 
, then invert the ? reads ¢ so $+ reads or is worked as 
¥X4$=14 Ans. 


It is worked in decimals above to prove answer. The 
fraction is the easier way. 
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+ 
4 
6 


-+- worked 
6 5 


24+1$ =2.25+1.50=1.5 Ans or 1} 
(or), 
1 


92 3 

24=2 $+ worked -x-=-or 1} Ans. 
43 2 

14=4 2 1 


REDUCTION OF FRACTIONS. 


To reduce a fraction to less terms. 

Example. Reduce #¢$ to less terms. 

Ru.te—Divide both terms of the fraction by any num- 
ber that will divide them without leaving a remainder, 
as follows: Dividing both terms by 10 the result will be 
$4, and again divide both terms of #¢ by 6, the result will 
be ¢, which may be still further reduced by dividing both 
terms by 2. As no other number will exactly divide 3, 
the fraction is in its lowest terms. 


To reduce fractions to the same denominator. 

Example: Reduce $ and # to the same denominator. 

Rute—Multiply both the terms $ by 4, and they 
become #8; again, multiply both of the terms of the frac- 
tion 2 by 9, and they are 34. 

Example: $§ and $=} and #. 
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IMPROPER FRACTIONS. 


When the numerator of the fraction is greater than the 
denominator it is called an improper fraction, and is re- 
duced to a mixed number by dividing the numerator by 
the denominator, as 34=4% or 43 a mixed number. 


TABLE OF FRACTIONS REDUCED 


TO DECIMALS. 
1=.25; $=.5; 2=.75; %=.875. 
4=.125; $=.375; §=.625; }$=.2. 

DECIMALS. 


Decimals are fractions without their denominator, and 
are distinguished from the whole numbers by a point to 
the left of them; thus .5 is the decimal for 'y, .03 for zz, 
and 24.60 for 24;%%. 

Write nine thousand in figures is 9000 

Write nine thousandths in figures is .009 

Write one millionths in figures .000001 

The way to write decimals is as follows: First put down 
the decimal point, then read as follows: first figure reads 
tenths, the next hundredths, next thousandths, next tens 
of thousandths, next hundreds of thousandths, next mil- 
lionths, and so on. You all know how to write whole 
numbers. Whole numbers read units, tenths, hundredths, 
thousandths and so on. 
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Write in figures one million and ninety six thousandths. 
As 1,000,000.096. 


Write in figures one million and one millionth. 
As 1,000,000.000001. 


Divide 1000000 ~- .000001 
1000000000000 Ans. 


-000001)1000000.000000 


1000000000000 
000001 


1,000,000.000000 Proof. 
1,000,000,000,000 Ans. 


ADDITION. 


Rute—Place the decimal points one above another in 
line; place the whole numbers to the left, and the decimals 
to the right of the point, as: 


Example: Add 3.04, 6.243 and 8.9 together. 


3.04 
6.243 
8.9 


18.183 Ans. 
Place the decimal point in the sum under the others. 
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SUBSTRACTION 
Rutz—Place the lesser number under the greater, place 
the decimal point as in addition, then subtract as in the 
whole numbers, and place the decimal point in the re- 
mainder exactly under the others. 
Example: From 14.42 subtract 6.04. 
14.42 
6.04 
8.38 Ans. 


MULTIPLICATION 
Rvutz—Multiply as in whole numbers, and point off 
from the right as many figures as there are decimals in 
both multiplier and multiplicand. 
Example: Multiply 5.65 by 4.25. 
5.65 multiplicand. 
4:25 multiplier. 
2825 
1130 
2260 
24.0125 Ans. 


Multiply .04 by .009 


009 
.00036 Ans. 


DIVISION 
1st Rute—If the divisor be a whole number and the 
dividend a mixed number, divide as in whole numbers, 
and when the decimal point is reached point off the dec- 
imal place in the quotient, and work out or to as many 
places as may be necessary; as, 
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Example: 
(1) How much is 4684.90-+ 133? 
35.22+ Ans. 


133)4684.90 
399 
694 
665 
299 
266 
330 
266 


2nd Rutz—If the divisor be a whole number and the 
dividend a decimal, divide as in whole numbers, putting 
down the decimal point first in the quotient; then if the 
divisor will not go in the first figure of the dividend, a 
0 must be put in the quotient, and the same with every 
figure until there are sufficient figures for the divisor to 
divide, and continue as before. 


Example: 


(2) How much is .9684 +422? 
.0022+- Ans. 


422).9684 
844 


1244 
844 


400 Ans. .0022+ 
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Example: (3) How much is 468.9+24.36? 
19.24-+-Ans, 
24.36)468.9000 
2436 
22530 
21924 
6060 
4872 
11880 
9744 
2136 
In this problem there were 2 decimals in the divisor so 
we moved the decimal point two places to the right above 
the dividend in order to get the proper decimal in the 
quotient. 
24.36 is the divisor. 
468.9 is the dividend. 
19.24 is the quotient. 


REDUCTION OF A FRACTION 
TO A DECIMAL FRACTION 


Rvuie—Divide the numerator of the fraction by the 
denominator adding ciphers to the numerator until it is 
worked out, as: 

Example: 
Reduce } to a decimal. 
7 is the numerator. 


8 is the denominator. 
8)7.000 


.875 Ans. 
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Again, reduce 3 to a decimal. 
8)3.000 
.375 Ans. 
Again, reduce $ to a decimal. 
8)5.000 
.625 Ans. 
Again, reduce ‘’/;: to a decimal. 
1.46875 Ans. 
32)47.00000 
32 


150 
128 
220 


SQUARE ROOT 


A number multiplied by itself is called the square of the 
number as 8X8=64, the square of 8. 82 denotes the 
square of 8 or 8X8=64. The square root of a number is 
the number whose square is equal to the number given, 
as the square root of 25=5 written as ¥25=5 because 
5X5=25. 

In marking off whole numbers begin from the right and 
mark off two places to the left as the sq. root of 1/44=12. 
Notice how 144 is marked off. 
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In decimals begin from the decimal and mark off two 
places to the right, or begin from the left to right as the 
sq. root of .4 add a cipher to .4 as .40’ now you have 2 
places. 


Find square root of 6225.21 
62/25.21'|78.9 Ans. 


7X7=|49 
2X7=148 |1325 
1184 
2X78=1569 | 14121 
14121 


First mark off each two places as shown above and ex- 
plained before. Then take a number which if squared 
will not exceed the figure (62) in the first period. 7 being 
the number is called the trial divisor; place this number 
in the quotient (where the answer is), then 7X7=49 as 
shown, place it under the 62 and subtract it and bring 
down the next period (25) to the remainder, making 1325; 
multiply 7 the first number in the answer by 2 and place 
the result to the left of 1325 and see how many times it 
will go into the first three figures (132). Here it is 8 
times; put 8 in the answer, and annex to the divisor, then 
multiply the whole divisor (148) by 8 and put the result 
under the second period and subtract it and to the re- 
mainder 141 annex the next period (21) making 14121; 
then multiply the quotient 78 by 2 and place to the left 
of the 14121 and proceed as before. Annex the quotient 
9 to the root 78 and to the divisor 156 and multiply by 9 
and subtract as before. The problem explains itself. 

Trial divisor is the number you divide by. 

The quotient is the answer. 

The dividend is the number you divide into. 
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In case you forget square root use 144, as you know 12 
is the square root of 144. Then work it as shown: 


1’44|12 Ans. 


1X1= 11 


2X1=22| 44 
44 


Always get a trial divisor first, then put it down, square 
it, then put it under the first period, subtract and then 
bring down the next period, then 2X the first figure in 
the answer and annex the next trial figure to it and mul- 
tiply it by the next trial divisor and proceed as above. 
Practice makes perfect. 


CUBE ROOT. 


When a number is multiplied by itself twice, it is called 
the cube of the number, as the cube of 4 is 64, because 
4X4=16 and 16X4=64; or 4X4X4=64. 

The cube root of a number is the number the cube of 
which equals the number. 


The symbol 8 over a number expresses the cube of the 
number; thus, 5* denotes the cube of 5=5X5=25 and 
25 X5 = 125; or 5X5X5=125. 


The symbol ¥ denotes that the cube root of the num- 
ber is to be taken; thus, ¥125=5. 
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The perfect squares, cubes, and roots of figure may be 
committed to memory from the following table: 


TABLE OF SQUARE AND CUBIC ROOTS 

Ly Deeded be “Cunt 85 05 110 

Squared 1 4 916 25 36 49 6 81 100 

Cubed 1 8 27 64 125 216 343 512 729 1000 

To find the cube root of larger numbers, write down the 

sum that the cube root has to be extracted from, and make 

a mark between every three figures, counting from right 

to left in whole numbers, and from the decimal point to 
the right for decimals. 


Example: 
Find the cube root of 375,741,853,696. 


Ans. 
375'741/853’696 | 7216 


73= | 343 ee 
300X72 = 14700 32741 
30X7 X2 = 420 30248 
2X2 = 4 Lictihgitestios 
2493853 
15124 1557361 
300X722 = 1555200 936492696 
30X72 X1 = 2160 936492696 
1X1 = 1 Mian 
1557361 
300X7212 = 155952300 
30X721 X6= 129780 
6 X6= 36 


156082116 


4 
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Note—There are several ways of working cube root, 
but this is the simplest and easiest to remember. 

In the above method the square of the figures in the 
quotient multiplied by 300 is always used for the trial 
divisor. Then the figures in the quotient multiplied by 
30 and by the new figure, then the square of the new 
figure are all added to the trial divisor, and the sum 
multplied by the new figure is the sum to be subtracted 
from the second period. The process is the same for 
every period to the end. 

The 4th root is found by twice extracting the square 
root of the sum; thus: 


What is the 4th root of 256? Ans. 4. 


256(16 
12=1 16(4 Ans. 
42=16 
2X1=26 | 156 
156 


The sixth root is found by extracting the square root 
and then the cube root; thus: 


What is the 6th root of 46656? Ans. 6. 


4'66'56(216 
2= 4 
—— 216(6. Ans. 
2X 2= 41 | 66 6*=216 
41 _ 


2X21 =426 | 2556 
2556 
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PROPORTION. 


Nearly all questions of speed, consumption, etc., can 
be solved much more quickly and easily by proportion 
than by any other rule. 


(a) 8:16::x:-4 Ans. X= 2 the missing term. 
(b)16:50:" 8-X “Ans. =25 B ie 
(c) 24: ::15:40 Ans. X =64 “ : ss 
(d) X: 8::10: 5 Ans. X=16 “ ee MS 


In example (a), 8 is the first term, 16 is the second term, 
X is the third term, (which was required to be found) 
and 4 is the fourth term. 


Notrrs—Always multiply the first and fourth terms 
together and divide by the other term to find either the 
second or third term, whichever one of the two is required. 

Always multiply the second and third terms together 
and divide by the other term to find either the first or 
fourth term, whichever one of the two is required. 

Notice that the above problems are worked according 
to the notes. 

The X is the missing term to find in each problem. 

If it takes 8 men 10 hours to do a piece of work, how 
long will it take 12 men to do the same work? 

The answer in this problem is to be smaller, so 8 men 
will be the second term. 12 men can do it in less time. 


12 men: 8 men:: 10 days:63 days. 
10X8=80. 80+12=62 days. Ans. 


The problem would be, 12:8::10:X 
X is the missing term to find, so multiply 8 by 10 the 
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second and third and divided by 12, the first term, gives 
the fourth term or answer which was required. 


If it takes 6 hours to walk 24 miles, how long will it 
take to walk 40 miles at the same gait? 


It will take longer so make 40 miles the second term as 
the answer is to be larger. 


24:40::6:10 10 hrs. Ans. 


If a ship uses 80 barrels of oil a day to make 10 knots 
an hour, how many barrels of oil would she use per day 
to make 12 knots an hour? Work it as a proportion 
problem. 

10:12::80:96 
10 knots:12 knots::80 bbls. :96 bbls. 
96 bbls. Ans. 


In the above problem it is required to know how many 
bbls. of oil a ship will use per day to make 12 knots an 
hour. If it uses 80 bbls. of oil to make 10 knots an hour, 
it will use more oil to make 12 knots an hour, so the 12 
knots must be the second term, as the answer must be 
larger; the 10 knots will be the first term and the 80 bbls. 
will be the third term, so the fourth term will be the re- 
quired term or answer. 


Notrs—Always let this be your guide, for if the answer 
is to be larger, make the second term the larger and if to 
be smaller, make the second term the smaller. 


12X80 the second and third term, divided by 10 the 


first term equals 96 the fourth term, which was the re- 
quired term to find. 
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LIGHTNING CALCULATIONS. 


To multiply together numbers of two figures which end in 5, 


or squaring such numbers. 


15X15= 225 1X2= 2 225 
25X25= 625 2X3= 6 625 
35 X35 = 1225 3X4=12 1225 
65 X65 =4225 6X7 =42 4225 


Rutze—Multiply the first left hand figure by one figure 
higher. After the product write down 25. The last two 
figures will always be 25. 

Example: 65X65 =4225. 

The first left hand figure is 6. One figure higher is 7 
67=42. Writing “25” after this product =4225 Ans. 


38 X32 = 1216 3xX4=12 8X2=16 1216 
46 X44 = 2024 4X5=20 6X4=24 2024 
53 X57 =3021 5X6=30 3X7=21 3021 


Rute—Multiply the first left hand figure by one figure 
higher. After the product write down the result of the 
last two figures multiplied together. This only works 
when the last two figures added together make 10 as 
shown by the lines in figures above. 

38 X32. 38xX4=12. then 8 and 2=10 so say 8X2=16 
then write the 16 after 12 makes it 1216. 


To multiply any figures by 25. 


Rute—Annex two ciphers to the number to be multi- 
plied and divide by 4. 
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As 46025.  4)46000 460 
—_— 25 
11500 Ans. oe 
short way. 2300 

920 
11500 long way. 
To divide any figures by 25. 


Rute—Multiply thé number by 4 and cut off two 
decimal places. 


As 973+25 gt 


38.92 Ans. 


To multiply any figures by 125. 


Ruite—Annex three ciphers to the number to be mul- 
tiplied and divide by 8. 


As 728 X125 8)728000 
91000 Ans. 


To divide any number by 125. 


Rvute—Multiply the number by 8 and cut off three 
decimal places. 
As 567 +125. 567 
8 


4.536 Ans. 
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287 X144=4100. 


Rute—Annex two ciphers to the number to be multi- 
plied and divide by 7. 


As 287 X 144. 7)28700 
4100 Ans. 
short method. 
963 +143=67.41. 


Rute—Multiply the number by 7 and cut off two 
decimal places. 


As 963 + 143. “s 


67.41 Ans. 


You can try out all the short methods and prove it 
by the long methods and they will be the same. 

The key is figures 3, 4, 5, 6, 7, 8, and 9. Follow them 
in rotation in all the examples. It is easy to follow and 
remember. 


To divide any figures by 334. 
As 481+333. 481 
3 


14.43 Ans. 


Rutze—Multiply the number given by 3 and point off 
two decimal places as shown above. 
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To multiply any figures by 11%. 
As 639X114. 9)63900 


7100 Ans. 
Rute—Annex two ciphers to the number to be multi- 
plied and divide by 9 as shown above. 


To divide any figures by 11}. 
As 753 +114. 753 
9 


67.77 Ans. 
Roitze—Multiply the number given by 9 and point off 
two decimal places as shown above. 


To multiply any figures by 163. 


As 960 x 163. 6)96000 
16000 Ans. 
811632. 6)8100 
1350 Ans. 


Rvutze—Annex two ciphers to the number to be multi- 
plied and divide by 6 as shown above. 167=2 of 100. 


To divide any figures by 163. 
As 769+ 163. 769 
6 


46.14 Ans. 


Route—Multiply the number given by 6 and cut off or 
point off two decimal points as shown above. 
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To multiply any figures by 33}. 
As 573X333 3)57300 


19100 Ans. 


Ruiz—Annex two ciphers to the number to be multi- 
plied and divide by 3 as shown above. 


To multiply any figures by 7854. 


As 7965 X .7854 7965 
7854 


55755 
55755 
111510 

111510 


6255.7110 Ans. 


Rute—Multiply the figure by 7 and write the result 
down twice as shown above and move one place to the 
right instead of to the left in the old way. The figures 
55755 are written twice, then multiply the 55755 by 2= 
111510. Write that down twice and one place to the 
right as shown above, then add the result and cut off four 
decimal places. You only handle two figures in this way 
and are less likely to make a mistake. The figures X 
7, the result put down twice in the way shown, then this 
result multiplied by 2 put that down twice, then add the 
result and point off four decimal points. 
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To multiply any number by 11. 


Rute—Add the numbers to be multiplied by 11 and 
place it between, as 4+-4=8; then 8 placed between. 


co + a ng 11=484 Ans. 

X11= 4+5=9 placed between 45 =495 5 
85X11=935. > — 
8+5=13. Place the 3 before the 5 =35. 

8+1=9. Place the 9 before the 35=935 Ans. 


Short methods in percentage. 


What is 162 per cent of $180.00. $180 
163% =1 .163 
+ of 180=30 1080 
6)$180 180 
$ 30 Ans. 2880 
short method. 120 
$30.00 Ans. 
long method. 


A ship makes 15 knots allow 20% slip, what does she 
make now? 


15 knots 15 
.80 .20 15 knots 
—_— 3 


12.00 knots Ans. 3.00 — 
12 knots Ans. 
00g 9, old way. 
00%—20% =80%. 20% off is 80% on. 
Less figures to handle, less mistakes. ; 
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RULES IN MENSURATION. 


To find the circumference of a circle. 

Multiply the diameter by 3.1416. 

Example.—The diameter of a circle is 8 inches, what 
is the circumference? 3.1416 X8 in. =25.1328 inches. Ans. 


Given the diameter to find the area of a circle. 
Multiply the square of the diameter by .7854. 
Example.—The diameter of a circle is 10 inches, what 
is the area? 10 in.x10X.7854=78.54 inches area, Ans 


Given the diameter to find the cubical contents of a ball. 
Multiply the cube of the diameter by .5236. 
Example.—The diameter of a ball is 6 inches, what are 

the cubical contents? 6 in.xX6X6X.5236=113.0976 

cubic inches. Ans. 


Given the circumference of a circle to find the diameter. 
Divide the circumference by 3.1416. 
Example.—The circumference of a circle is 18.8496 
inches, what is the diameter? 18.8496 in.+3.1416= 6 
inches. Ans. 


Given the area of a circle to find the diameter. 
Divide the area by .7854, then extract the square root. 
Example.—The area of a circle is 12.5664 square inches, 
what is the diameter? 
12.5664 + .7854=16 ¥16=4 inches. Ans. 


To find the area of the circular ring, or space included 
between the circumference of two concentric circles. 
Subtract the area of the lesser from the greater, or 

multiply the sum of the diameters by their difference, and 

this product, multiplied by .7854, will be the required 
area. 
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To find the area of an ellipse or oval. 
Multiply the greater and lesser diameters together and 
the product by .7854 for area. 


To find the circumference of an ellipse. 
Multiply half the sum of the two diameters by 3.1416, 
the result will be circumference, approximately. 


To find the area of a parabola. 
Multiply the base by its height and take $ of the 
product for area. 


To find the volume of a cube. 
Multiply the length, breadth and depth together. 


To find the volume of a cylinder. 
Multiply the square of the diameter by .7854 and the 
product by the length. 


Given the cubical contents of a ball to find the diameter. 

Divide cubical contents by .5236, then extract the cube 
root. 

Example.—The cubical contents of a ball are 113.0976 
cubic inches; what is the diameter? 

113.0976+ .5236=216 cu. in. Y216=6 inches. Ans. 


To find the radius of a circle. 
Divide the diameter by 2. 


To find the area of a square or any rectangular figure. 
Multiply the length by the breadth. 


To find the area of a triangle. 
Multiply its base and height together and take half the 
product, or divide the product by 2. 
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To find the hypothenuse of a triangle. 
The square root of the sums of the squares of the base 
and perpendicular will be the hypothenuse. 


To find the base or perpendicular of a triangle. 

From the square of the greater, subtract square of the 
lesser side, and the square root of the remainder will be 
the required side. 


To find the area of a trapezoid, which is a four-sided figure, 
having only two opposite sides parallel. 
Half the sum of the two parallel sides, multiplied by 
the perpendicular distance between them is the area of a 
trapezoid. 


To find the area of a trapezium, which is a four-sided figure 
having no sides parallel. 
Divide into triangles by a diagonal, then find the sum 
of the areas of both triangles. 


To find the area of a sector of a circle or any part of a circle 
bounded by an arc and two radit. 
Half the radius multiplied by the length of the arc 
equals the area. 


To find the length of an arc. 

From eight times the chord of half the arc, subtract 
the chord of the whole arc, and take $ of the remainder 
for the length of arc, nearly. 


To find the area of the segment or any part of a circle bounded 
by an arc and its chord. 
Find the area of the sector and the triangle, and the 
difference is the area of the segment. 


To find the number of circular inches in any given number 
of square inches. 


Divide the number of square inches by .7854. 
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COAL BUNKER FORMULA. 
L=Length. 
D= Depth. 
W = Width. 


45=No. of cu. ft. to the ton or use the figure that is 
given in the problem. 
T=No. of tons. 
LxXWxXD 
45 
45XT 45XT 


=W 
LXW LXD 


=T or no. of tons. 


When two widths are given add them both together and 
divide by 2 to get average width. 

When 3 widths are given add the top and bottom and 
4 times the middle all together, then divide by 6 to get the 
average width. 


As top width is 6 ft. 6’ top. 
middle width is 4 ft. 4xX4=16' middle. 
bottom width is 2 ft. 2’ bottom. 

6)24’ total. 
4 ft. =average width. 4’ average 
width. 
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Note—The top and bottom widths+-4 times the middle 
— gives 6 widths, hence divide by 6 to get the average 
width. 

The reason for multiplying the middle widths 4 times is 
to allow curves or change of space in the middle of bunker. 

A coal bunker is 42 ft. long, 20 ft. deep, and 25 ft. wide 
at the top, 12 ft. wide middle and 5 ft. wide bottom. How 
many tons of coal will it hold allowing 42 cu. ft. per ton? 


Rule for average width. 
LxDxW 25 ft. =25 ft. 
——=Tons. 4X12 ft.=48 ft. 
5 ft.=_5 ft. 
6)78 ft. 
13 ft. average width. 
1 
42X20 X13 
———-= 260 Tons. Ans. 
- 


or 
422013 = 10920 cu. ft. 
10920-+42=260 Tons. Ans. 


Watch out how the widths are worded; sometimes it is 
worded so many feet from top each width. 

A coal bunker is 40 ft. long, 20 ft. deep, and 18 ft. wide. 
Samy ea tons of coal will it hold allowing 45 cu. ft. to 
the ton 


8 2 
LXWxD 49X 29X18 
=T ——-= 320 tons. 
45 43 


g 
1 320 tons. Ans. 
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A coal bunker is 30 ft. long, 15 ft. deep, and 14 ft. wide 
at the top and 10 ft. wide at the bottom. How many 
tons of coal will it hold allowing 63 Ibs. to the cubic foot? 


63 Ibs. to the cu. ft. 14 ft. 
Allow 2000 Ibs. to ton. 10 ft. 
2)24 ft. 


12 ft. average width. 
3 


3°63 
13X239XIZX63 1701 
a aes or 170.1 Tons. 


Another way: 
15X30 12=5400 cu. ft. 
5400 X63 = 340200 Ibs. 
340200 + 2000 = 170.1 Tons. 
170.1 Tons. Ans. 


PUMP PROBLEMS. 


Get the key and learn to memorize formulas. Put 
down formula and work accordingly and you will always 
be correct. Misprints are likely to happen, also they may 
put more in a problem than is required to puzzle you, as 
illustrated by the following problem. 
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Diameter of steam end of a pump is 6 inches, pressure 
80 lbs., stroke 8 inches, diameter of water end 4 inches, 
revolutions per minute 60. 


Find pressure pump will pump against? 
SxP 
——-= Pressure pump against. 
W2 
5 
26 
6X6 X80 


4x4 
1 


= 180 lbs. pressure pump against. 


180 Ibs. Ans. 


Note—The stroke and revolutions cut no figure in this 
problem as you want to know the pressure the pump will 
pump against. Work by formula. 

S2=Steam end squared. 


P=Steam pressure. 
W?= Water end squared. 


Diameter of steam end 6 inches, pressure 100 lbs., 
stroke 5 inches, revolutions per minute 50, diameter of 
water end 4 inches. Find how many gallons pump will 
pump per hour? 


Formula. AXSXN X60 
—————=No. of gals. per hr. 
231 
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Notrre—Diameter of steam end and the steam pressure 
cut no figure in this problem as you want to know. the 
amount of water the pump will pump per hour. We 
could put a motor to take the place of the steam end and 
pressure. 

The formulae and meaning of letters are shown in other 
parts of book. Now you can see why formulae are handy. 


A=Area of cylinder. (Water end). 


S=Stroke of pump. MxXAXNxS 
N=No. of revolutions ——————-=No. of gals. 
M = Minutes in an hr. 60. 231 per hr. 


231 =No. of cu. in. in a gal. 


Nore—You can arrange formulae sometimes to spell 
words, making it easier for you as the above formula 
spells “Mans.” 


231 


Formulae and words to memorize on pumps. 
AXNxS 


231 
Word on top is initials for ‘‘answer.’”’ (ANS). 
MXAXNXS 


231 
Word on top spells MANS. 


MxXAXNxXS 
1728 X35.84 


=No. of gals. per min. 


=No. of gals. per hr. 


=No. of tons of fresh water per hr. 
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MXAXNxXS 
1728 X35 
MXAXNXS 


1728 


Note—All the letters on top of formula spell the word 
MANS and the other one is the abbreviation | for the word 
“answer,” ANS. This works on nearly all pump prob- 
lems. There is a key and words to all kinds of problems 
so that you will never forget. Some are in this book. 


Pomp ForMULAE 
Steam end squared X pressure 


= No. of tons of salt water per hr. 


=No. of cu. ft. per hr. 


= Pressure pump will 
Water end squared pump against. 

Pressure the pump will pump against X 2.305 equals 

the height in feet the pump will throw a stream of water. 

A= Area. 

S=Stroke. 

N=No. of revolutions. 

60 = No. of minutes in an hour. 

F=The amount the pump is full. 

1728=No. of cu. in. in a foot. 


AXSXFXNxX60 
1728 
AXSXFXN 


231 
231 = No. of cu. in. in a gal. 


=Cu. ft. of water per hour. 


= No. of gals. per min. 
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AXSXNXFX62.5 X60 
=Tons of fresh water pump 


1728 X 2240 per hour. 


62.5= No. of lbs. of fresh water in a cu. ft. 
1728=No. of cu. in. in a cu. foot. 
2240=No. of lbs. to a ton. 


Or 
AXSXNxX60XF 
———————-= Tons of fresh water per hour. 
35.84 X 1728 


What pressure will a pump pump against, diameter of 
steam end 6 inches, diameter of water end 4 inches, steam 
pressure 150 lbs.? 

S?=Steam end squared. 
W?= Water end squared. 
P= Press. 
8*xP 
——= Pressure pump against. 
Ww: 


3 3 75 
6X8XIBB 675 
———— = — = 337.5 lbs. Ans. 
4X4 2 
Z 2 
1 
If pump will pump against 337.5 Ibs. pressure, what 
height will it throw a stream of water? 
Note—A column of water one inch in area and 2.305 
ft. high weighs 1 lb. 
337.5 X 2.305 =777.93-+ft. high. Ans. 
777.93+ft. high. Ans. 
Ru.te—Pressure pump against X 2.305=height the 
pump will throw a stream of water. 
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LEVER SAFETY VALVES FORMULAE 
Rule of three to make it simple. 
ie ei ee oe balanced. 
np. + LL= Weight in Ibs. 
A= Area of valve. oe aptinay ib 
P=Pressure. 
E.M. = Effective moment. 
F=Fulcrum short arm. 
ue i oh lever. 
-M.=% length of lever X weight of | - 
crum, + weight of valve and eas Sarina Pook 


(AXP—EM) XF 


i 
(AX P—EM)xF 
LL= x 


W 
WxLL 
hy Or 54h Dilan 


WXLL 


AXP—EM 
(AXP—W of valve)—(CG x W of lever) XF 
F 


=P 


: LL ae 
Sea ea 2 Be ee ee 

(W XEN) +(CG XW of lever)+W of valve 

F 

A : 
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Diameter of valve 43” 

Distance from center of valve to fulcrum 4” 
Length of lever 38” 

Weight of lever 20 lbs. 

Weight of valve and stem 10 lbs. 

Steam pressure 180 lbs. 

Find weight to be placed on end of lever. 


(AX P—EM) XF Pa 
same as below W=——— 


LL LL. 
Rule of three. 
44X44 X.7854 = 15.90435 Area of valve. 
15.90435 X 180 =2862.783 lbs. total pressure. 
2862.783—105 = 2757.783. 
2757.783 X4= 11031.132. 
11031.132-+-38 =290.29+lbs. Weight. Ans. 
4|38”LL 
19 


20 W of lever 


F4)380 


95 
10 W of valve and stem 


105 E.M. 
Multiply area of valve by pressure to get the total 
pressure on valve. Total pressure minus effective mo- 
ment will balance total pressure. 
Total pressure X fulcrum +LL=Weight of ball. 
TPKE 


LL 


Rule of three. W= 
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MISCELLANEOUS PROBLEMS. 


A stand pipe is 10” diameter and 40 ft. high. How 
many gallons will it hold, also how many cu. ft.? 


10 inches = § ft. 74 gals.=1 cu. ft. 
$X8X.7854 X40 =21.812 cu. ft. Ans. 
21.81 X74 = 163.57 gals. Ans. 


What is the circumference of a manhole 12”16"? 
RvuLte—Multiply half the sum of the two diameters by 
3.1416 = Circumference, nearly. 


12+16=28 28+2=14 


3.1416 X14 =43.98 inches. 44 in. Ans. 


_ Required the safe working pressure of a boiler double 
riveted, diameter of boiler 8 ft., tensile strength 60000 Ibs., 
thickness of shell 3 inches? 


8 ft.=96 inches. 
+ of 60000 = 10000 Ibs. Stress. 
SxTx2 SxXT 

P= same P= 


add 20 per cent 
4 of D” for double riveted. 


10000 x 3 X2= 15000 156.25+31.25 = 187.5 lbs. 
15000 + 96 = 156.25 


20 per cent of 156.25 =31.25 187.5 Ibs. Ans. 


_ What is the rubbing surface of a packing ring, diameter 
is 90 inches and depth is 7 inches? 


3.1416 X90 X7 =1979.208 cu. in. Ans. 
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A tank is 6 ft. high X3 ft. x24 ft., the oil in glass drops 

30 inches in 50 days; what is the consumption of oil per 
ay? 

30” = 23 ft. 2.5X3X2.5X7.5 


7% gals. =1 cu. ft. =2.8+-gals, 


or 
2.5X3 X2.5= 18.75 cu. ft. amount in depth used. 

18.75 X74 = 140.525 gals. used in 50 days. 

140.525 -+50=2.8+ gals. used per day. 

2.8+gals. Ans. 
Another way: 

6X3 X25 X7; =337.5 gals. tank full at 6’ deep. 

337.5+6 = 56.25 gals. to 1 ft. 30” =23 ft. 

56.25 X25 = 140.625 gals. to 24 ft. depth. 

140.625 += 50=2.8+-gals. per day. Ans. 

A ship has 3 Scoth Boilers set athwartships: the boilers 
are 10 ft. long and have 10 inches of water over the com- 
bustion chamber tops when the ship is on an even trim. 

If the ship rolls 15 degrees to starboard how much 
water will the port boiler have over the combustion 
chamber ends? 

10 ft. =120 inches. 

360 degrees in a circle. 

120 X3.1416 =376.992 inches=Cir. of circle 10’ dia. 

376.992 X 15% = 5654.88 

5654.88 +360 = 15.7 

15.7—10 =5.7 inches over end. 5.7 inches. Ans. 

If 4 stay bolts each held up 36 sq. inches and 1 broke, 
how many sq. inches would the other 3 each have to 
hold up to balance it? 

bolts bolts sq. in. sq. in. 
Pe ea: waren 0 came dee a 
Ans. 48 sq. in. 
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‘What i is the weight of a steel plate 6’ 6” long, 3’ 6” wide 
and #” thick. A oe foot of plate $” thick weighs 5 Ibs. 
6.5 X3.5 = 22.75 sq. ft. , ee ; 
4” weighs 5 lbs. $”=6 X65 or 30 lbs. 
22.75 X30 = 682.5 Ibs. weight of plate. 
682.5 Ibs. Ans. 


re engine is operating on 124 lbs. of steam and there is 
26” of vacuum, engine cuts off at + stroke. Neglecting 
leakage or cylinder condensation, what is the terminal 
pressure in the cylinder? 

30’—26” equals 4” or 2 Ibs. back pressure. 

124+13 Ibs. (15—2 Ibs. = 13 Ibs.) are 137 lbs. absolute. 

137+4 (No. of expansions) is 34.25 Ibs. terminal 


Preseure. 34.25 Ibs. Ans. 


A steamer makes a voyage of 3000 miles with 1200 
bbls. of fuel oil on board. After steaming 1300 miles, the 
fuel consumption has been 500 bbls. How many bbls. 
will be left at the end of voyage if the vessel continues 
to travel at the same rate? 

. 8000 miles total distance. 

1300 miles steamed on 500 bbls. of oil. 

1700 miles to go. 

500+ 1300 = .384-++-bbls. to a mile. 

1700 X .384 = 653.84 bbls. for 1700 miles. 

500+653.84 = 1153.84 bbls. consumed. 

1200—1153.84 =46.16 bbls. left. Ans, 

46.16 bbls. Ans. 
or proportion 
miles miles _ bbls. bbls. 
1300 : 1700 :: 500 : 653.84 
*653.84-+-500 = 1153.84 bbls. used on trip. 

1200—1153.84 =46.16 bbls. left. Ans. 

Proportion is the shortest and easiest way to work these 
kinds of problems. 
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You are not allowed to burn over 52 tons of coal per day. 
There are four watches. How many baskets at 230 lbs. per- 
basket are allowed in that time and what is the consump-' 
tion per hour per indicated horse power which is 2000 H.P.? 

2240 Ibs. = 1 ton. 

24 hrs. =1 day. 

2240 X52 = 116480 Ibs. total. 

116480 + 230=506.43 baskets per day. 

506.43 +4 = 126.6 baskets per watch. Ans. 

116480 + 24 = 48533 Ibs. per hour. 

48534 +2000 =2.42 Ibs. per H.P. Ans. 


Doubling the speed of a ship requires 8 times more 
horse power and 8 times more fuel. 

See following example. 

A ships bunker holds 500 tons of coal. Ship makes 10 
knots an hour and burns 5 tons an hour. How many 
knots can she make on the voyage with the fuel on board? 
Now you wish to make 20 knots per hr. or double the speed. 
How many knots could you make on the 500 tons of coal? 


500 
10 knots — joo hrs. X10 knots = 1000 knots voyage. 
5 


500 
20 knots a hiasxa0 knots =250 knots voyage. 
5x8 


At 10 knots an hour she can steam 100 hrs. or 

100 X 10= 1000 knots. 500+5= 100 hrs. 

Uses 5 tons per hr. on 10 knots speed. 

At 20 knots an hour she can steam 123 hrs. or 

124 X20=250 knots. 

Uses 40 tons an hour on 20 knots speed. 8 sidace more fuel. 
Ans. 100 hrs. and 1000 knots voyage. 
Ans. 12% hrs. and 250 knots voyage. 
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If a ship’s tank holds 500 bbls. of oil and burns 5 bbls. 
of oil an hour at a speed of 10 knots an hour, what will be 
the steaming radius at 20 knots an hour, and how long 
will the oil last at that speed? 

£92100 hrs. at 10 knots per hr. it will be 

100 X10= 1000 knots. 
Ist is 1000 knots last 100 hrs. Ans. 
2nd is 250 knots last 124 hrs. Ans. 


bbls. hrs. knots knots per hr. burn per hr. 


Ist 500 100 1000 10 5 bbls. 
bbls. hrs. knots knots per hr. burn per hr. 
2nd 500 123 250 20 40 bbls. 


8 times more at 20 knots. 


Speed increases as the square of the speed 2X2=4. 
Doubling the speed =2X4=8 times more power and 
8 times more fuel. 
500 


——= 123 hrs. 
20:10::500:250 5x8 
250+ 20 = 123 hrs. 20 X 12} =250 hrs. 

Short method. 

An engine has 42 inches stroke, 2} inch lap, and y- 
inch lead. Valve travel is 9 inches. How far from the 
end of the stroke is the piston when the steam is cut off? 

Twice the lap + lead + travel of valve, then square 
that amount X stroke of engine in inches = distance the 
piston is from the end of stroke. 

or 
Twice the lap + lead}? 
_————}  stroke=Ans. 
travel of valve 

2 after the parenthesis means to square the result, then 

multiply by the stroke. 


a 
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2X2} =4.25 
ys = .1875 9|4.4375 
4.4375 4930 


4930 X .4930 = .24304900 

.24304900 X42 =10.20+inches. Ans. _ 

Ans. 10.20 inches distance the piston is from the end 
of stroke. 


With 3 boilers, 3 furnaces to each boiler, each furnace 
5 ft. by 3 ft., burning 12 Ibs. per hour on each square foot 
of grate surface, making 14 knots per hour, how many 
tons of coal required to make a voyage of 4200 knots 
allowing 2000 Ibs. per ton? 

How many tons used per day? 


1 3. 6 
3X9XIZXZ4 486 
shat =——=19.44 tons per day. Ans. 


2906 25 
sy) 
190 
25 
25 
190 
——- = 44 = 12} days required for voyage. 
14X24 
a 


19.44 X 124 = 243 Tons required for voyage. Ans. 
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Or 
3 boilers and 3 furnaces each make 9 furnaces. 


5X3=15 sq. ft. each furnace. 15X9=135 sq. ft. total. 


135 sq. ft. xX 12=1620 Ibs. burned in 1 hour. 

1620 X24 = 38880 Ibs. burned in 24 hours. 

38880 + 2000 = 19.44 tons per day. Ans. 

14 knots X 24 =336 knots in 24 hrs. 

4200 +-336 = 123 days required for voyage. 
19.44. X 125 =243 Tons required for voyage. Ans. 


_. The back head of a boiler has 3” stays pitched at 7.25 
inches. What is the safe working pressure? 
AXSs 


WP 3 =.75 
P2 


75 X.75 X.7854 X 6000 = 2650.725 Ibs. 

7.25 X 7.25 = 52.5625 pitch squared. 

2650.725 + 52.5625 = 50.4+]bs. 
50.4+1]bs. Ans. 


A round tank is 36” in diameter and 4 ft. long. How 
many gallons will it hold? 


36 X36 X.7854 X48 


231 


4 ft. =48 inches. 
231 cu. in.=1 gal. 


The furnace of a Scotch marine boiler is 8 ft. 3 inches 
long and 45 inches in diameter and 44 inches thick. Find 
steam pressure allowed. 

44X15600+45 = 2383 Ibs. Ans. 

15600 = Constant CxT 

44= Thickness. 

45 = Diameter D’ 


=211.507-+gals. 


211.507+gals. Ans. 
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A steamer burns 28 tons of fuel oil per day of 24 hrs. 
and makes 11 knots per hour. How many bbls. of oil 
will she burn per hour and how many gallons? co 


Fuel oil averages .96 specific gravity. 
Standard gallon of water weighs 8.355 Ibs. 
8.355 X.96 =8 Ibs. approximately weight of oil. 
42 gallons of oil to the barrel (Standard). 
428 =336 lbs. weight of average bbl. fuel oil. 
2240 +336 =6.66 bbls. of oil to 1 ton. 
2240 Ibs. =1 ton. 
28 X 6.66 = 186.48 bbls. of oil used in 24 hrs. 
186.48 -+24=7.77 bbls. used per hour. 
427.77 =326.34 gals. used per hour. 
7.77 bbls. per hr. Ans. 
326.34 gals. per hr. Ans. 


42 gals. of oil=1 bbl. (Standard measure). 

8 lbs. = Weight of one gal. of oil (nearly). 

8.355 Ibs. = Weight of one gal. of water (nearly). 
2240 lbs. = One ton. 


How many gallons of water are there in a horizontal 
boiler 8 ft. in diameter and 14 ft. long? Water level is 
2 ft. from the top of boiler. 

8 ft. =96 inches diameter. 
14 ft. =168 inches length. 
2 ft. =24 inches height. 
231 cu. in. =1 gal. 


D (4h squared) 
(sq. root of . —.608) X ( 


Area of segment of a circle. 
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D=96" 96+24=4 24 X24X4 = 2304 

h=24" 4—.608 =3.392 2304 +3 =768 

sq. root of 3.392 =1.84. 

1.84 X768 = 1413.12 cu. in. in segment. 

1413.12 X 168 = 237404.16 cubic inches in segmental por- 
tion of boiler. 

237404.16 +231 =1027.72+gallons in segmental portion 
of boiler. 


96 X96 X .7854 X 168 = 1216025.39-++-cu. in. 
1216025.39 + 231 =5264.17+-gals. in full tank. 
5264.17—1027.72 =4236.45 gallons in boiler when water 
is 2 ft. from top. 

4236.45 gals. Ans. 


A cast iron block is 6”7” X8” with a core through its 
greatest length 13” X2}" 8”. What is its weight allowing 
640 lbs. per cubic foot and at what distance should it be 

laced on a lever of safety, the diameter of the valve 
_ being 5 inches, pressure 60 lbs., weight of lever, valve and 
stem are 20 lbs.? 
6X7 X8 =336" 
13 X24 X8 =27" 


1728 cu. in. =1 cu. ft. 
(AX P—W of V.L.S. 


W of ball 
336—27 =309 cu. in. 309+1728=.178-+cu. ft. 
640 X .178 = 113.92 lbs. Weight of ball. 
5X5X.7854=19.635 cu. in. Area of valve. 
19.635 X 60 = 1178.10 total pressure under valve. 
1178.10—20 = 1158.10 lbs. 
1158.10 113.92=10.16 inches. Ans. 
A= Area, 10.16 inches. Ans. 
P = Pressure. 
W = Weight of ball. 
W of V.L.S.= Weight of valve lever and stem. 


= distance. 


( 
| 
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What is pitch of propeller 21 ft. in diameter, advance 
corner 20 inches and width of blade 44 inches? 


21 X3.1416 = 65.9736 ft. Cir. 


c 
65.9736 X 13 = 109.9560. 
109.9560 +3.26 = 33.66 ft. Pitch. Ans. 


20 44 1986 

re ee? 

18} \3# or 20) \{4 400 176 1536 
176 
3.26 piel 
1936 


144 sq. in.=1 sq. ft. 1536 + 144 = 10.664 ft. 
10.663 extract sq. root =3.26’. 
109.9560 +-3.26 = 33.66 ft. Pitch. 


A ship travels 20 knots per hour at 93 revolutions per 
minute with a 26 ft. pitch wheel. Find percentage slip? 
26 X93 X60 = 145080 ft. per hour. 

145080 6080 = 23.86-+-knots per hour. 
23.86—20 =3.86 knots difference. 
3.86 + 23.86 = .16-+-percent slip. 


16% slip. Ans. 
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If a ship makes 10 knots an hour and has 20 per cent 
slip, how many revolutions does the propeller make per 
minute? Pitch of wheel is 16 ft. 

Notre—You add the 20% to get the revolutions. 


6080 ft. =1 knot. 10 knots 10 knots 
60 min. = 1 hr. .20 2 
2.00 12 knots. 


6080 ft. X12 =72960 ft. per hr. 
16 ft.x60=960 ft. 
72960 +960=76 revolutions per min. Ans. 
Proor: 
16X76=1216. 

72960 +6080 = 12 knots. 
20% of 10 knots=2 knots. 
10 knots+2 knots=12 knots. 

76 rev. per min. Ans. 


76 rev. per min. 


1216 X60=72960 ft. 


16 ft. pitch 12 knots 
456 6080)72960 
76 6080 
1216 ft. per min. 12160 
60 min. in 1 hr. 12160 
72960 ft. per hr. 
6080 ft. =1 knot. 10 knots 10 knots 
20 2 
12 knots 


2.00 
This is a catch problem, worked differently from others 
used to. 
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Pitch of the wheel is 15 feet, and makes 76 revolutions 
per minute; log shows 318 knots made in 24 hours. Find 
the number of knots made per hour by the wheel, and 
the number of knots made per hour by the log; also find 
the percent slip of wheel. 

60 minutes = 1 hr. 
24 hrs.=1 day. 
6080 ft. =1 knot. 
76X15 60 =68400 ft. per hr. made by wheel. 
68400 + 6080 = 11.25 knots per hr. made by wheel. 
318 + 24= 13.25 knots per hr. by log. 
13.25—11.25 =2 knots lost. 
2.+ 13.25 =.15-+-percent slip. 
Ans. 11.25 knots per hr. by wheel. 
Ans. 13.25 knots per hr. by log. 
Ans. 15-+percent slip. 


What is the velocity of water in feet per second in a 
4” discharge pipe? Diameter of pump cylinder 5”, stroke 
10”, revolutions 45 per minute, diameter of piston rod 
12”, pump double acting. 


5X5X.7854 =19.635 cu. in. Area of cylinder. 
13X12X.7854=2.405 cu. in. Area of piston rod. 
19.635—2.405 =17.230 Are of rod end of cylinder. 
19.635+17.230 X 10” =368.650 cu. in. in 1 revolution. 
368.650 X45 = 16589.250 cu. in. in 45 revolutions. 
4X4X.7854 = 12.566 cu. in. Area of 4” pipe. 
16589.250 + 12.566 = 1320.169 inches. 
1320.169 + 60 = 22.002 inches per second. 
22.002 +12=1.833 ft. per second velocity 4” pipe. 
1.833 ft. per second. Ans. 
60 seconds = 1 minute. 


12 inches=1 ft. Used in problem. 
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Required the thickness of a copper pipe 6 inches in 
diameter, steam pressure 175 lbs. 


P=pressure. 1a Ale, 
T =thickness. T=—+.0625 
D=diameter. 6000 


This is the government rule for copper pipe. 


175 X6 


+.0625 = .238 inches. Ans. 
6000 


Required the thickness of a steel pipe 5 inches in diam- 
eter, steam pressure 200 lbs. Government rule for steel 
or iron pipe. 


2005 


T= +.125=.225 inch. Ans. 


10000 


Required the working pressure, diameter of steel pipe 
5 inches, thickness .225 inches? 


.225—.125 X 10000 
P=——————= 200 lbs. Ans. 
8 


How many circular inches are there in 4.7124 sq. inches? 
4.7124 .7854=6 circular inches. Ans. 
Divide the number of square inches by .7854 gives the 
number of circular inches. 
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A boiler surface is 24” X24” with a pressure of 120 Ibs. 
per sq. in. How many #-inch stays are required and what 
pitch allowing 6000 Ibs. stress? 


Axs 
P2= 


then extract sq. root for pitch of stays. 
iy 


.75X.75 X.7854 = 44178750 Area of 2” stay. 
44178750 X 6000 = 2650.725 lbs. 

2650.72 + 120 =22.09 pitch squared. 

8q. root of 22.09=4.7” Pitch of stays. Ans. 


Area of surface Xpress. 
—————————=No. of stays. 
Area of stay Xstress 


24X24 X120 


=26 No. of stays. Ans. 
.75X.75 X.7854 X 6000 


A tank is 2 ft. in diameter and holds 400 gallons of 
water. How high is it? 


2X2X.7854=3.1416 Area of tank. 
7.48 or 7% gallons in a cu. ft. 
3.1416 X7.48 = 23.49+ gallons. 
400+ 23.49 = 17.02 ft. high. 


17.02 ft. Ans. 
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What is the pitch of a wheel 2 ft. 6 inches wide at a 
5 ft. radius and the forward edge of which is 1 foot 9 inches 
from the stern post, and the after edge 3 ft. from the 
stern post? 


CxXp 


P= 5 ft. radius=10 ft. diameter. 


c 


3.1416 X10=31.416 Circumference. 
31.416 X14 =39.270. 
39.270-+-2.165=18.13 ft. Pitch. Ans. 


24 3/—1’.75 =1.25’ =piece of pitch. 
1} 2.5X2.5 =6.2500 
1.25 X1.25 =1.5625 subtract squares 
ccs otaid 4.6875 


sq. root of 4.6875=2.165 piece of circumference. 
Ans. 18.13 ft. Pitch. 


The total pressure on a piston is 10.75 tons and the 
mean effective pressure is 35.5 lbs. What is the diameter 
of piston? 


2240 lbs. =1 ton. 2240 X 10.75 = 24080 lbs. 

24080+ 35.5 = 678.3098 = Area. 

678.3098 + .7854 = 863.64. 

863.64 extract sq. root =29.38” dia. Ans. 
29.38” dia. Ans. 


10.75 X 2240 | 
35.5 X .7854 


Dia= 


2, 


FOR MARINE ENGINEERS. 71 


A drum kead on a boiler is 36” diameter and is bumped 
out to a 36” radius, thickness of plate 7%”. What is the 
pressure allowed? 


Ans. 291.6 lbs. 
te” =.4375 4 of 60000 =12000 lbs. 
12000 X .4875 = 5250 lbs. % of 36=18 
5250+ 18 =291.6 lbs. pressure. Ans. 
P=Pressure. SxT 
T=Thickness of plate. P=—- 
S=¢ of tensile strength. R 


R=4 of radius. or 
12000 x .4375 


18 


What is the strain per square inch section of stay? Stays 
ao 7 inch center to center and pressure carried 160 
bs.? 
7X7X160=7840 lbs. Ans. 
Pitch squared X pressure = stress. 


=291.6 lbs. 


With 3 boilers, 3 furnaces to each boiler, each furnace 
using 1 barrel of oil per hour, making 14 kriots per hour, 
how many barrels of oil required to make a voyage of 
4200 knots? How many barrels used per day? 


8 boilers and 3 furnaces each make 9 furnaces. 
9X1X24=216 barrels per day. Ans. 


24 hrs. per day X14 knots per hour=336 knots in 24 hrs. 
4200 +336 = 124 days required for voyage. 
216X124 =2700 barrels required for voyage. Ans. 


A boat makes 16 knots per hour and uses 246 barrels 
of oil per day. It takes 11 days 2 hrs. 15 minutes to make 
a voyage of 4260 knots. How many days would it take 
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to make the same voyage if the boat made 14 knots per 
hour? How many barrels of oil would it burn per day at 
14 knots per hour to make the same voyage? Work as a 
proportion problem. 

4260 


=12 day, 16 hrs., 174 min. Ans. 
24x14 


For if it makes 14 knots in one hr., in 24 hrs. it will 
make 24x 14 or 336 knots. 
4260 + 336=12 days, 16 hrs., 174 min. Ans. 


If it takes 246 barrels a day for 16 knots, for 14 knots 


it will take less. 
16:14::246 :2154 2153 bbls. Ans. 
at 14 knots. 

A cable tank of a steamer is 20 ft. in diameter and 15 ft. 
high and is to be used as a coal bunker, but one half of 
the bottom for three feet is covered with gear. How much 
coal will it hold allowing 45 cu. ft. per ton, also how long 
will the coal last burning 45 tons per day? 

20 X20 X .7854 =314.16 sq. ft. in bottom of tank. 
314.16 X15 =4712.40 cu. ft. Area. 

314.16 +2 =157.08 sq. ft. one half of bottom. 
157.08 X3 =471.24 cu. ft. occupied by gear. 
4712.40—471.24 =4241.16 cu. ft. left for fuel. 
4241.16 +45 =94.248 tons it will hold. Ans. 
94.248 +45 =2.09 days it will last. Ans. 


If a ship burns 80 bbls. of oil per day making 12 knots 
an hour, how many barrels of oil will she burn per day to 
make 14 knots per hour? Work as a proportion problem. 
knots knots bbls. bbls. 934 bbls. Ans. 

12: 14-3: 80 : 93% 


(or) 
80+12=62 bbls. per knot. 1462 =934 bbls. 
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On a certain day the register read 004126 and has since 
then been 000000 and now reads 000426. How many 
revolutions has the engine made and how many knots 
has the ship gone, if the pitch of the wheel is 18 feet? 
000000 minus 004126 = 995874. 
995874-+-426 = 996300 revolutions by engine. 

996300 x 18 ft. pitch = 17933400 ft. 
6080 ft. =1 knot. 
17933400 + 6080 = 2949.57 knots. Ans. 


How many cu. ft. of water will a six horse power engine 
lift in one hour, pump being 66% efficient, and height of 
lift 20 ft.? 


1 cu. ft. fresh water weighs 62.5 Ibs. 
33000 =a horse power. 
60 minutes=1 hr. 


6 X 33000 X .66 X 60 


62.5 X20 


A boiler is stayed 734” X8”, carries 175 lbs. steam. One 
stay breaks. What is the extra load carried on surround- 
ing stay and how is it divided? 

7.5 X8 X175 =10500 Ibs. total stress. 
10500-+4 = 2625 lbs. extra load carried. 


A propeller at 80 revolutions per minute and 20% slip 
travels 14 knots an hour. Find speed of propeller making 
100 revolutions per minute and having 25% slip. 

80 less 20% = 64 rev. actual work. 
100 less 25% =75 rev. actual work. 


75X14 


= 6272.64 cu. ft. Ans. 


= 1644 knots. Ans. 
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Find safe working pressure of a boiler that is double 
riveted, diameter is 9 ft., thickness of plate } inches, and 
the tensile strength is 60000 Ibs. 

Always work boilers in inches. 


9 ft.=108 inches. 10000 <7 X2 
4 of 60000 = 10000 ——_——— + .20= 184.43 
108 X8 
SXTX2 SXT 
P=———— or P= for single riveted. 


DF RY Ans. 184.43 lbs. 

The connecting rod end is adjusted by a screwed cotter, 
the screw has 14 threads to the inch, the taper of the cotter 
is }” to the foot, the nut is hexagon (6 squares). Required 
the number of turns and squares of the nut to bring the 
brasses .013” closer. 
$= .375 12 in. =1 foot. 14 threads to 1”. 
12).375 of an inch to 1 foot. 

.03125 of an inch to the inch. 
14).03125 
.002232 of an inch for 1 turn of the nut. 


.002232).013000(5.824 complete turns. 
11160 
18400 04 
6 


4464 4.944 squares. 
9760 nearly 5 squares on nut. 


Ans. 5 turns and 5 squares nearly. 


: ore—You give 5 complete turns and 5 squares of the 
nut. ‘ 
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- A stand pipe is 10 inches in diameter and 40 ft. high; 
how many gallons will it hold, also how many cu. ft. will 
it contain? 


Ans. 163.2 gallons. Ans. 21.81 cu. ft. 


The stays of a boiler are 7” from center to center, steam 
pressure 164 Ibs. Find strain per sq. in. on section of 
stay. 

" Ans. 8036 lbs. strain. 


A section of boiler plate is 24” by 24”. Pressure allowed 
120 lbs. How many 2” stays are required allowing 6000 
Ibs. stress. Also find pitch of stay. 


Ans. 26 stays. Ans. 4.6 inches pitch. 


How high will a pump throw a stream of water, diameter 
of steam end 6”, pressure 80 lbs., diameter of water end 
4”. Allow 5 per cent loss for friction and resistance? 


Ans. 394.155 feet high. 


A tank holds 35343 gallons of water and is 20 ft. in 
diameter. How deep is it? 


Ans. 15 ft. deep. Use 7% gals. to a cu. ft. 

Diameter of valve 4”, steam pressure 125 Ibs., length of 
lever 36”, fulcrum 4”, weight of valve and stem 8 lbs., 
weight of lever 22 Ibs. Find weight to be placed on end 
of lever? 


Ans. 162.64 Ibs. Weight. 


76 SELLANDER’S LIGHTNING CALCULATOR 


Pitch of stays 6” by 73” pressure is 175 lbs. Find strain 
on each stay. 


Ans. 6800 lbs. Ans. 9843.75 Ibs. 
_ Required working pressure of a copper steam pipe 5 
inches in diameter and .208 inches thick? 


Ans. 175 lbs. pressure. 


What is the velocity of water in feet per minute through 
a 4” discharge pipe, diameter of water end 5”, length of 
stroke 10”, revolutions per minute 45, and diameter of 
rod 13”? 


Ans. 111.96 ft. per minute. 


_ A Scotch marine boiler is 15 ft. in diameter, plates 1 
aes ss tensile strength is 60000 Ibs. Find pressure 
allowed. 


Ans. 180.5 Ibs. pressure. 


What pressure will a pump pump against and what 
height will it throw a stream of water allowing 5 per cent 
for friction? Diameter of steam end 8”, diameter of 
water end 6”, steam pressure 90 lbs. 


Ans. 152 lbs. pump against. 
Ans. 350.36 ft. height throw water. 


_ Plates of a boiler 12 ft. long, 6 ft. 6 inches wide and +5 
inches thick. Find number of cubic feet in the plate. 


Ans. 3.656 cu. ft. in plate. 
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Pitch of a wheel is 22 ft., revolutions 80 per minute. 
How many knots will the vessel make in 36 hours allowing 
10 per cent slip? 


Ans. 562.73 knots. 

A ships tank is 20 ft. long, 10 ft. deep, and has three 
widths; 16 ft. at top, 12 ft. in middle, and 9 ft. at bottom. 
How many gallons of water will it hold? 

Ans. 18249 gals. using 7} gals. to a cu. ft. 

A propeller is 9 ft. in diameter, 20 inches across the 
blade, and the forward corner is 93 inches in advance. 
Find the pitch? 

Ans. 15.26 ft. Pitch of wheel. 


A Morrison furnace is 8 ft. 3 inches long, mean diameter 
45 inches and 4} inches thick. Find steam pressure 
allowed. 


Ans. 238+]bs. pressure. 
The stays of a boiler 6 inches from center to center, 
diameter of stay 1} inches, stress is 6000 lbs. Find work- 
ing pressure. 


Ans. 294.5 lbs. pressure. 


Area of stay is 1.9716”, stress 6000 Ibs., steam pressure 
280 Ibs. Find pitch of stay. 


Ans. 6.5 inches Pitch. 
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Area of stay is 1.9716 inches, pitch of stays is 6.5 inch 
steam pressure is 280 lbs. Find stress. : mE 


Ans. 6000 Ibs. 


A pipe 6” diameter and 20 ft. high; how many gallons 
of fresh water will it hold, also how many cu. fh? 


Ans. 29.376 gals. 
Ans. 3.927 cu. ft. 


A ship makes 360 knots in 24 hours. Counter indicates 
ee 13 revolutions, pitch of wheel is 18 ft. What is the 
slip 

Ans. 10 per cent slip. 


Diameter of cylinder is 56 inches, steam pressure 65 
Ibs., diameter of studs 13 inches, strain allowed per sq. 
in. 2500 lbs. How many studs required? 


Ans. 43-+stays. 


A tank contains 9000 gallons of water. How many 
strokes per minute will a pump 6 inches diameter, stroke 
12 inches, require in order to empty it in one hour, the 
diameter of the rod being 14 inches? 


Ans. 52.71 rev. per min. 


The side bunkers are 30 ft. long, 12 ft. deep, and 6 ft. 
wide at a depth of 6 ft. from the top, 5% ft. wide at a depth 
of 8 ft. from the top, 3 ft. wide at a depth of 10 ft. from the 
top, and 2 ft. wide at the bottom. Allowing 46 cu. ft. 
to the ton, how many tons of coal will the bunker hold 
when full? 


Ans. 36.17 tons. 
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Diameter of valve is 44 inches, pressure 149 Ibs., length 
of lever 37 inches, weight of lever 27 lbs., weight of valve 
and stem 11 Ibs., distance of fulcrum 4% inches, Find 
weight required. 

Ans. 273.29-+-Ibs. 


The stays of a boiler are 6} inches apart, steam pressure 
is 149 lbs.; what is the strain on each stay? 
Ans. 5820.3125 lbs. 


How many gallons also how many tons of salt water 
will a tank hold, diameter 4 ft. and 14 ft. high? 
Ans. 1319.472 gals. 
Ans. 5.02 tons salt water. 


STAYS 
Four ForMuLAE TO MrEmMorRIzH. 
PXP3 
>) A=Area of stay. 
S=Stress. 
PXP2 P= Pressure. 
= P2= Pitch squared. 
8 Extract sq. root of pitch squared 
Axs gives pitch of stay. 
PP 
Pa Divide the area by .7854 and ex- 
AxsS tract sq. root gives dia. of stay. 


Nors—An easy way to remember these is to notice the 
A and § always go together and the P and P? likewise. 
Never separate them. 
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How many stays would it require to stay the flat side 
of a boiler 8 feet long by 5 feet high; pitch of stays 6 inches 
from center to center? Work in inches. 


12 inches=1 foot. 

8X12=96+6=16. No. of stays to a row. 
5X12=60+6=10. No. of rows. 

16—1=15 ; 
10—1=9 15X9=135 stays. Ans. 


Notr—tThe reason why we deduct one, is because it is 
required to know the number of stays, and each side is 
considered to be equal in holding power to } a stay. 


How many stays would it require to stay the flat side 
of a boiler 9 ft. long by 6 ft. high, pitch of stays 8 inches 
from center to center? Work in inches. 


88 stays. Ans. 


There are 186 sq. ft. of flat bottom to a boiler; the pres- 
sure of steam is 30 lbs. per sq. in.; there are 7 rows of 
stays and 9 stays in each row. Allowing 5000 Ibs. per 
sq. in. section of stay, find diameter of stay. 


Always work these problems in inches. 


Area X pressure 
Dia. = + .7854;extract sq. root. 


No. of stays 


144 sq. in.=1 sq. ft. 
186 X 144 = 26784 sq. in. Area of boiler. 
7+1=8 rows of stays. 
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9+1=10 stays in each row. 
8X10=80 stays in all. 

Nore—The reason we add one is because each side is 
equal in holding up power to 3 a stay. 


26784 X30 =803520 Ibs. Total pressure. 

5000 X80 =400000 Ibs. Stress. 

803520400000 = 2.0088”. Area of stay. 

2.0088 + .7854 = 2.56” nearly. 

Square root of 2.56=1.6". Dia. of stay. 
1.6” dia. Ans. 


U. S. GOVERNMENT FORMULAES 


Use government constants for combustion chambers. 
Read the blue book given by the government. Constants 
are as follows, 112, 120, 125, 135, 160, 175, and 200 for 
different thickness, etc. 


Formulae are below. 
W.P.= Working pressure. 
P?= Pitch squared. 
T”’?= Thickness squared in sixteenth of an inch. 
C=Constant. 
CxT”2 W.P.XP2 


p2 TT" 


W.P.= 


W.P. XP? 
T4%= extract sq. root =thickness in six- 
Cc teenths of an inch. 


CxT” 
P2= extract sq. root = Pitch. 
W.P. 


82 SELLANDER’S LIGHTNING CALCULATOR 


All the problems following are worked using 112 for a 
constant, plates being yy” thick and under. 


Find working pressure when plates are }” thick and pitch 
of stays are 4". 


Coxe 
p" = 5 T?=4X4=16 W.P.= 
P2 
1 
112X716 
=112 Ibs. Ans. 
16 
1 


Find pitch of stays, if the plates are }" thick and the 
working pressure is 112 lbs. 


(G: x yv2 ‘ 
P= extract sq. root gives pitch. 
W.P. 


=16 ¥16=4" pitch. Ans. 


Find thickness of plates, working pressure 112 lbs. and 
pitch of stays 4”. 


W.P. XP? ; Arg 
T2=;}——___ extract sq. root gives thickness in six- 
C teenths of an inch. 
16 , 
crak =16 V¥16=4 +; or” thick. Ans. 
112 
1 


1 
112X716 
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Find constant working pressure is 112 lbs., pitch of Stays 4", 
thickness of plates 4". 


W.P.XP2 
[2 


=112 Constant. Ans. 


1 


All the problems have been worked to prove each. 

Nore—To memorize these formulae, always keep the 
W.P. and P? together and the C and T”? together as shown 
in the formulae. 


FOUR FORMULAE FOR CORRUGATED 


FURNACES 
LEP & oxT 
D ep 
Px D PxXD 
ro C=—— 
Cc z 


P= Pressure. 

D=Mean diameter in inches. 

T= Thickness in inches. 

C=Constant 15,600 Morrison corrugated. 

Note—To memorize the formulae, always keep the C 
and T together and the P and D together as shown in the 
formulae. Always work boiler problems in inches. Mean 
diameter = least inside diameter+2 inches. 


84 SELLANDER’S LIGHTNING CALCULATOR 


Different constants are used for different kinds of fur- 
naces; always refer to the government blue book as they 
change from time to time on numerous boiler constants. 


Find the safe working pressure of a Morrison corrugated 
furnace, mean diameter 38 inches, thickness }". 
CXxT P= Pressure. 
P= T=Thickness in inches. 
D D=Mean diameter in inches. 
C=Constant 15,600. 
3900 


7200 
136991 3900 
——_—_—— = —- = 205.26+]bs. Ans. 
BBX2Z2 19 
19 1 


FOR STEEL PLATES AND STEEL RIVETS 


Find the pitch of rivet for a single riveted joint, thickness 
of plate $ inch, diameter of rivet 4 inch. 


23 = Constant. 

28 = Constant. 

A= Area of rivet. 

N=No. of rows of rivets. P= 
T= Thickness of plate. 

D= Diameter of rivet. 

P= Pitch of rivet. 


23 X (44 X44 X.7854) X1 
+} =2.071 inches. 
28 X4 


23XAX1 

poniegpommcin dd SS 
28XT 

2.071 in. Pitch. Ans. 
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Find pitch of rivet for a double-riveted joint, thickness of 
plate % inch, diameter of rivet 4 inch. 


23X (} X¥ X.7854) X2 
+4=2.85 inches Pitch. 
28x} 


23XAX2 
a 
284 


+D 2.85 inches. Ans. 


U. S. GOVERNMENT RULES 


Rvute—Multiply } of the tensile strength by the thick- 
ness and divide by the radius gives the working pressure. 
For double riveted add 20%. 


Find safe working pressure of a cylindrical boiler 8 ft. in 


diameter, thickness of shell plates 4 inch, tensile strength 
60000 lbs., and double riveted. 


W.P.= Working pressure. 


T.S.=Tensile strength. SxXT 
S =Stress. P,.=——. 
R= Radius or $ diameter. R’” 


¢ of T.S.=Stress. 


8 ft.=96 inches dia. 4 of 96=48”" Radius. 
+ of 60000 = 10000 lbs. Stress. 


10000 X3 
——-+ 20% = 187.5 lbs. Ans. 
48x4 
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Find working pressure of a convex head of a54 inch radius, 
tensile strength 60000 Ibs., thickness 4 inch. 


P= Pressure in lbs. 

T=Thickness of plate in inches. 

S=+ of the tensile strength. 

R=One half of radius in inches for bump. 
} of 60000 =12000 Ibs. Stress. 


% of 54=27". 
SxT 
12000 *.5 
———-= 222 Ibs. Ans. 
27 


For concave heads take 38, of the pressure allowed on 
convex heads. 


Find working pressure of a flat head 20 inches tn diameter 
and % of an inch thick. 


P= Pressure. 

T?=Thickness squared in sixteenths of an inch. 
A=3 the area of head in inches. 

C=Constant for plates 7%” and under. Use 112. 


C=Constant for plates over 7%”. Use 120 
a" = 4y" 144 120 CXT2 
T= 12X12= 1444 ——=110 lbs. P= 
157 A 


20 X20 X.7854 = 314.16. 
3 of 314.16 = 157.08. 


For iron plates and iron rivets. 


110 Ibs. Ans. 
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Find the pitch of rivet for a single riveted joint, thickness 
of plate 3 inch, diameter of rivet § inch. 


A=Area of rivet. A 
T=Thickness of plate. P=—+D 
D = Diameter of rivet. fly 


3X}X.7854 
————++} =2.077 inches. Ans. 


Find the pitch of rivet for a double riveted joint, thickness 
of plate 4 inch, diameter of rivet 4§ inch. 


A= Area of rivet. 

T=Thickness of plate. AXN 
D=Diameter of rivet. P=——+D 
N=No. of rows of rivets. T 


HEX 44 X.7854X2 
2 


Find the distance from center of rivet to edge of plate, 
diameter of rivet 15 } inch. 


+4§=2.886 inches. Ans. 


3Xi 
E=——=1.125 inches. Ans. 
2 


For single or double riveted lap joint. 


Where constants are used in boiler problems, use the 
ones in the Government book as they change from time 
to time. 
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MISCELLANEOUS PROBLEMS. 


The plates of a boiler are 12 ft. long, 6 ft. 6 in. wide and 
+s inch thick, find number of cubic feet in the plate? 


12X12=144". 

6X 12=72” plus 6” equal 78”. 

144 X78 = 11232 sq. in. 

11232 X ¥% =6318 cubic inches. 

6318 + 1728 =3.656 cu. ft. in plate. Ans. 


12 in. =1 ft. Reduce to cu. in. first. 
1728 cu. in.=1 cu. ft. 
144X789 
————-= 3.656 cu. ft. 
1728 x16 


Find the horse power of an engine, diameter of cylinder 1s 
30 inches, length of stroke 3 ft., revolutions per minute 80, 
mean effective pressure 90 lbs. 


Notrr—An easy way to remember this formula is to 
remember the word “plan,” say “I have a plan of doing it.’”’ 


A= Area of cylinder. 

P= Pressure. 

L= Twice the stroke in feet. 2 strokes in 1 rev. 
N=No. of revolutions. 

33000 =A horse power. 


PXL’XAXN 
33000 


Formula. H.P.= 
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30” X30" X .7854=706.80" Area of cylinder. 
706.80 < 90 = 63617.40 total pressure. 
63617.40 X 6 =381704.40 (3X2=6 ft.) 
381704.40 X80 = 30536352. 

30536352 +33000 =925.34+H.P. Ans. 


(or) 
906 X30 X30 X.7854 X80 
P, =————________—- = 925.34 Ans. 
33000 


SLIDE VALVE. 


Q.—What is a common D Slide valve? 


A.—It is a direct valve taking steam at the ends and 
exhausting in the center. 

Q.—What is a Piston valve? 

A.—It is either direct or an indirect valve; direct, it 
takes the steam the same as a slide valve, and indirect it 
takes the steam at the center of valve and exhausts at 
the ends of valve. A piston valve is a slide valve twisted 
in a circle. 

Q.—How do you set a common D slide valve? 

A.—First place the engine on the top dead center and 
measure the top lead by using a hard wooden wedge 
(make a note of it), then place the engine on the bottom 
dead center and measure the bottom lead (make a note 
of it). If you have too much lead, set the eccentric back, 
and if you have not enough, set the eccentric ahead. You 
can adjust your lead by moving the eccentric around the 
shaft in the direction required, also by placing or taking 
out shims at the foot of the eccentric rod to get the re- 
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quired leads for top and bottom. Be careful to see that 
the eccentric leads the crank 90° (or at right angles) plus 
the lap and lead. 

Q.—How do you set a piston valve? (Indirect). 

A.—As the piston valve takes steam at the center when 
you can not see the ports, you have to take sticks or laths 
and mark off the positions also ports on the sticks; the 
stick representing the valve seat is fastened to the valve 
yoke (stationary) and the stick representing the valve is 
fastened to the valve stem rod (which moves up and down 
with the valve). These sticks that you marked off the 
positions and ports upon are your guide for setting the 
valve, as you have transferred the positions of valve and 
valve seat on to the sticks which you can see, then pro- 
ceed in the same way as setting the common D slide 
valve, being careful to see that the eccentric follows the 
crank 90° less the lap and lead. In this case the crank 
leads the eccentric. 


STEPHENSON LINK MOTION. 


There are several points in connection with the slide 
valve, or its gear, that should be mentioned. It is often 
asked how much a valve will move when the links are in 
mid-position and the engine is turned round from top to 
bottom. If the valve has no lap or lead, there would not 
be any motion at all, because as one end of the link went 
down, the other would go up, and the block being exactly 
in the center, the link would only swing upon it, and no 
movement of the valve would result. 

With lap and lead and the links in mid-position, if the 
engine is turned from ton to bottom, the travel of the valve 
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is lap+lead X2 plus lift of link or lift of valve, when the 
rods are crossed on top center and opened on bottom 
center. If the rods are open on top center and crossed on 
bottom center, then the movement of the valve will be 
the same as before, only minus — the lift instead of plus+. 
Not observing the crossing of the rods often causes the 
engine to work with a heavy thump, especially at the 
bottom. The reason is that if the rods are crossed when 
the crank is on top center, and the links be run over from 
ahead to back gear, the valve will be seen to come down 
during the movement of the first half of the link, and go 
up again when the last half is passing the block. The 
reverse is the case if the rods are open, with the crank 
on top, and the link is run over, the valve goes up first, 
and then comes down. This makes a great difference 
when working expansively by the link. In the first case, 
by bringing the valve down, crank on top, we increase the 
leads top and bottom, on account of the spindle not being 
directly over the end of the eccentric rod; had the rods 
been open when engine was on top center as we linked 
up, the valve would have moved up a little and destroyed 
a, portion of the lead; same holds good when engine comes 
to the bottom, the rods being crossed and part of the lead 
reduced, causes a nasty thump on passing the center. 


FINDING LEADS AND CUT-OFF. 


To find the lead and cut-off of a valve when the steam 
chest cover is off. Turn engine on to its top center and 
measure the amount of lead by a wedge, make a mark on 
the shoe and slide in line, then turn engine to the bottom 
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and the valve will go down and come up again; as it is 
coming up, lay a thin piece of paper on the edge of the 
face and when the valve nips it, the port will be closed 
(exactly shut). Now see where the mark on the shoe is 
and measure the distance between it and the mark on 
the slide; the distance is steam carried on the top, go on 
turning engine till the crank comes to the bottom center, 
measure the lead there, make another mark on the guide 
opposite the mark on the shoe, and turn the engine up 
towards the top; note when the bottom port is exactly 
shut (using thin paper as before), see where the mark on 
shoe is, and the distance between this and the bottom 
mark on guide is the cut-off from the bottom. You can 
adjust your leads with the eccentrics and putting in or 
taking out shims as required. 


Too early compression indicates too large a lap. Too 
late compression indicates too small a lap, to too small an 
angular advance, or to both. If steam lap is too small, 
a late cut-off will take place, and if too large an early cut- 
off will take place. Leaky piston or valve, falling and 
rising of exhaust line. If exhaust lead is too early, the 
pressure drops to the exhaust line before the piston has 
come to the end of its stroke. 


If exhaust lead is too late, the steam can not get out, 
causing a back pressure and loss of power. Too large a 
steam lap may produce a small or late lead. 


Too small a steam lap will produce a large or early lead. 

Steam lap should be slightly smaller at the bottom than 
at the top, and exhaust lap should be larger at the bottom 
than at the top. 


Should the valves be set too high or too low on the rod, 
misplacement would be shown by the laps and the stroke. 
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Remember that the lap and angular advance are re- 
sponsible for the lead and the same measurements taken 
for valve setting are best consulted, in addition to the 
diagram, before deciding to produce a satisfactory steam 
distribution. 

If an early lead on one end and a late lead or none at 
all on the other end, generally the valve stem is either too 
short or too long, the valve will have to be lowered or 
raised. 

Steam lead is a little larger at the bottom than on the 
top, to overcome the weight of the piston and the piston 
rod area. 


RULE FOR SETTING VALVES. 


A general rule for setting the valves. If the lead has to 
be increased top or bottom, move the eccentric forward; 
if we want more on the top, then take a liner or shim out, 
or if we wanted more on the bottom instead of the top, 
then put a liner in. If there is too much lead on one of 
the ports, then move the eccentric back, and the valve 
be raised if it is the top port, and lowered if bottom one. 

Put these to practice on some small engine that has set 
screws on the eccentric and try setting the valves for dif- 
ferent leads, where you have to move the eccentric ahead 
or back and equalize with shims by taking out or putting 
in as required. A little figuring and practice soon makes 
perfect. 

Reading does not do a great deal without practice. Put 
things to practice and you will not forget. 
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HOW TO SET THE VALVES OF A 
PLUNGER PUMP. 


Place rod in perpendicular position (center) take off 
steam chest cover, disconnect valve stem rod, and set 
valve so that it covers the ports equally on both sides 
(pump valves have no lead), then adjust your valve stem 
rod by screwing in or screwing back so that it will couple 
up even, allow a little slack on nuts both sides of valve 
(that allows pump before its return stroke, to stop long 
enough to give the valves on the water end time enough 
to seat themselves) put on cover, and valves are set. 
Another way is to push the rod to one end until the plunger 
strikes the head, make a mark on piston rod, then push 
the rod to the other end until the piston strikes the head, 
make another mark on piston rod, then divide the marks 
equally (3) and the center mark will be the center after 
pump is on center, then proceed as above. 


A centrifugal pump has no water valves. 


SOME CAUSES OF IMPROPER 
WORKING OF PUMPS. 


Leak in suction pipe. 

No water to pump. 

Lift too long. 

Valves gone. 

Packing in plunger gone or too tight. 
Gaskets covering ports. 

Checks stuck. 
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Leaky piston and rings, leaky steam valve. 

Pump air bound. 

Suction valves too weak springs. 

Short stroke: Valve gear out of order (packing may be 
so loose the stem drops). 

Shoulder in the cylinder. 

Water too hot. 

Exhaust or discharge valve out of order. 

Line choked up. 

Gaskets gone and seats bad. 

Lift of the valves not right. 

nina are the principal causes of a pump not working 
right. 


HOW TO TELL IF PACKING IN PLUNGER 
OR VALVES IS GONE. 


Run pump slowly and close discharge valve; pump 
should stop if plunger or valves are not leaky, if it con- 
tinues running the water is by-passing showing that the 
packing in the plunger or the valves leak. 

Have a regular time to go over all the pumps, keep 
them well packed, examine valves, gaskets, packing, and 
give pumps a regular overhauling as it will save you a 
great deal of time and worry. 

Never neglect any of the auxiliary machinery as it is 
as important as the main machinery. Notice how the 
pumps work and if not working satisfactorily, there is a 
cause and reason. 

Study these, as you can learn something all the time. 
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RUST 


Waters that are very pure or too pure, cause corrosion 
or rust. Rust is somewhat like a cancer; once started, it 
is hard to get rid of. Other causes of rust are air in the 
feed water (Oxygen) fatty acids from grease and oils, and 
presence of sea water, therefore, keep the feed-water at 
the highest practical temperature, the pump glands in the 
suction end tight to avoid drawing in air, and fill the 
available space in feed water tank with steel metal lath- 
ing and the air will rust the exposed lathing. Some use 
zinc slabs in the water. The main idea is to stop all the 
impurities in feed water also prevent as much as possible 
any air, grease, oil, and salt water from entering into the 
boiler. The boiler is very much like the human system, 
we are liable to put something into it where the effects are 
worse than the disease. If you let your body get in an 
acid condition, you would not feel well or get results, then 
you would have to get your system rid of the acid and get 
it back partly into an alkaline state to get well. There- 
fore, you would have to treat the boiler likewise. An 
ounce of prevention is worth a pound of cure. Keep a 
tab on your feed water and boilers. 


USEFUL INFORMATION. 


Diameter of shaft of engine should be a little less than 
$ of the diameter of the L. P. cylinder. The main steam 
pipe same diameter as the shaft. The eduction pipe (ex- 
haust) about 4 the diameter greater than the steam pipe. 
The «rank pin about } inch diameter less than the shaft. 
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The piston rod about 75 the diameter of the low pres- 
sure cylinder. 

The air pump should be about } in. capacity of that of 
the low pressure cylinder. 

Iron plates of steam boilers become stronger as the 
temperature increases till it reaches a maximum of 600 
degrees; after that the plate gets weaker with increased 
temperature. 

White lead is good to cool off hot slides. 

Common brown soap will cool off hot piston rods, 

To test the water in boiler for acid, use a piece of blue 
litmus paper; dip the litmus paper in some of the water 
and if it turns red, that indicates there is acid in the 
water. 

To make a water glass last longer, swab it inside and 
outside with vaseline, especially if the glass is exposed to 
drafts and cold weather. 

.7854 means that it is the largest circle you can put in 
a one inch square. Draw a one-inch square then put a 
one-inch circle in it and you will see that the area of the 
square equals the square of the diameter of the circle. 

The area of the circle is less than that of the square by 
the amounts enclosed between the sides of the square and 
the circumference of the circle. .7854 is simply a ratio 
between the area of a circle and that of a circumscribed 
square. 8.1416 is the key to get the different decimals 
as a square has 4 sides so 3.1416+4 gives .7854. 

A cube has 6 sides, so 3.1416+6 is .5236. 

In case you forget the decimal .7854 and .5236 use the 
above key. 

To get the area, square the diameter * .7854. 

To get the cubical contents, cube the diameter X .5236. 
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Multiplying whole numbers together INCREASE as 
2X2=4. 
ultiplying decimals together DECREASE as .2X.2 


Multiply fractions together DECREASE as 3Xi=3%.- 
Dividing whole numbers together DECREASE as 
8+4=2. 
Dividing decimals together INCREASE as 8+.4=2. 
Dividing fractions together INCREASE as 3+3=2. 
Worked 4x4=2. 
Doubling the diameter of a pipe increases its capacity 
4 times as a 2” and 4” pipe; proof: 
2X2X.7854= oa 4X3.1416 = 12.5664 
4X4X.7854 = 12.566 
ty au makes 10 knots an hour. To make 20 knots an 
hour requires 8 times more power and 8 times more fuel, 
conditions being same. Pret) 
To test oils for acid, mix a small quantity of oil with 
warm water or alcohol, and test with blue litmus paper. 
If it turns red, acid is present. Keep litmus paper in 
corked bottle so as to be fresh. Aes , 
Indicator cards. For quick opening with little nap 
drawing shows sharp corners. For slow opening wit 
considerable wire drawing shows ant rapes Ware 
issi exhaust show straight lines when 
ise agviig =r ahs wire drawing) that the piston and 
valves are tight also indicates dry steam and little sat no 
condensation. Irregular quick rising and falling lines 
shows indicator trouble. 
Salt water absorbs more air than fresh water. 
Air and grease are the greatest detriment to a boiler. 
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Sal Soda cuts grease. 

Lime and soda soften water. 

A gallon of water weighs 83 lbs. 

A gallon of fuel oil weighs 8 Ibs. 

A barrel of fuel oil contains 42 gals. 

Causes of boiler explosions are ignorance and neglect. 
A pump will lift cold water on an average about 26 feet. 
The higher the vacuum the colder the feed water. 


Cushioning caused by steam lap, exhaust lap must be 
given to a very heavy, large engine, working with a short 
and quick stroke, to insure the piston being brought 
quietly to rest at the two centers. Minus lap is the re- 
verse, it decreases the amount of cushioning given to an 
engine which has to run with a smoothness, combined 
with great velocity of piston (high speed) so that, in its 
movements there shall exist no chance of its catching the 


steam before it has had time to get away through the 
exhaust. 


Lead has nothing to do with the travel of the valve; a 
slide having 8” travel and 35” lead might be given 3” 
lead, and still the travel will only be 8”. You alter the 
travel of the valve by linking up or have a new sheave. 


Travel of the valve can be found in several ways. First 
the depth of port open at the top + top lap, + depth of 
port open at the bottom + bottom lap. Second, from the 
sheave; subtract the larger belly part from the smaller 
belly part and the remainder is the full travel of the valve. 
Third, block up the hole in the sheave for the shaft, and 
center the hole; then center the sheave, and the distance 
between them will be the line of throw; this doubled will 
be the travel. 
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General rule. If the lead has to be increased top or 
bottom, then advance the sheave (eccentric) forward; If 
there is too much lead on one of the ports, then the sheave 
must go back, and the valve be raised if it is the top port, 
and lowered if the bottom one. This is done by taking 
out or putting in shims at the foot of the eccentric rod as 
required. 

If you had 3” lead at top and 4” lead at bottom and 
wanted to change it to 1” lead at top and #” lead at the 
bottom, you would move sheave forward to get the ¢ 
more lead for the top and bottom. 

Present lead Lead wanted. 
Top 4 Top 
Bottom ¥% Bottom % 
Do as above, advance eccentric to get 1” more lead. 


PROPELLERS. 


To find the pitch of a propeller when the ship is on the 
dry dock. > f ie 

Place the blade to be measured in a horizontal position, 
with the face downward, and at any convenient distance 
from the center of the shaft. Place a wooden straight 
edge across the face of the blade, and have it held in that 
position. Then, by sighting and marking where the line 
so formed (by the edge of the straight edge) cuts the 
rudder-post at top, and the stern-post, or keel, as it may 
be, at the bottom, then measure the three sides of the 
angle so obtained, that is, from the mark on the rudder- 
post to the top of the keel forming the perpendicular, from 
that along the keel forming the base, and the straight 
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edge on the face of the blade forming the hypothenuse, 
then find the circumference suitable to the diameter at 
the point of measurement. 

Another and simple method. 

Take a piece of cord with a weight on each end, hang it 
over the blade when in a horizontal position, with the face 
downwards at a suitable distance from the shaft. Measure 
from the bottom or leading edge of the blade to the cord 
which is hanging plumb. Call this the base, the length of 
the cord to the following edge; the perpendicular, the face 
of the blade; the hypothenuse, and proceed as before. 

The pitch is the distance from center to center of the 
thread of the screw, if it were continued once round. 

The after face is called the driving face, and is flat. 

The forward side of the blade is called the drag side and 
is slightly rounded. 

The best results for the pitch of the propeller is generally 
between one and two times the diameter. 

The number of blades usually preferred is four for single 
screw and three for a twin screw. ‘They are usually con- 
structed in two ways: Loose blades bolted to the boss, 
Blades and boss cast in one piece. The propellers are 
made of either bronze, forged steel, cast steel and cast 
iron. Bronze is the best as it is smoother, gives the least 
friction, and does not corrode or pit as easily; zine slabs 
are fastened to the rudder post to check the electrolysis. 
By keeping the blades sharp, smooth, and clean gives the 
best results. With the loose blades a small adjustment 
of the pitch can be made by making the flange bolt holes 
oval. A well porportioned propeller has about 15 to 20 
per cent slip. Propellers are still in their infancy. Some 
day there will be a wonderful improvement and change in 
design. 
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BOILER QUESTIONS AND ANSWERS. 


pee 


Q.—What is a boiler? 

A.—A boiler is an apparatus for converting water into 
steam by the application of heat. 

Q.—What does tensile strength mean? 

A.—Tensil strength is the amount of pulling force re- 
quired to pull apart a plate of iron or steel. Expressed 
in pounds. 

Q.—What does elongation mean? 

A.—It is the amount that a plate will stretch before 
breaking. 

Q.—What does ductility mean? 

A.—It is the percentage of stretching the material will 
stand before breaking. 

Q.—What is flange steel? 

A.—Steel that will stand flanging without weakening. 

Q.—What is meant by the shearing strength of the 
rivets? 


A.—It is the amount of strain in pounds applied to the 
rivet at right angles to its length, which causes it to shear 
in half. 
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Q.—What is meant by the pitch of rivets? 


A.—The distance from the center of one rivet to the 
center of the next rivet. P 


Q.—What seams on a Scotch Marine boiler are single 
riveted? 


A.—The circumferential seams (Circle). 


Q.—What seams are double riveted? 
A.—The longitudinal seams (Lengthwise). 


Q.—What is a lap joint? 


A.—A lap joint is where one part of the shell plate laps 
over the other and is riveted together and caulked. 


Q.—What is a butt strap joint? 


A.—A butt strap joint is a joint where the ends of the 
plate butt together and is made by riveting a strip of 
iron over the joint; some have double straps. 


Q.—Which is the stronger, single or double riveted? 
_ A.—Double riveting is twenty per cent stronger than 
single riveting. 


Q.—What are stay tubes? 


A.—They are a heavier and stronger boiler tube used 
for strengthening the tube plates. 
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Q.—What does factor of safety mean? 


A.—It’s a ratio between a working stress and a break- 
ing stress. When the bursting pressure is six times the 
working pressure .6 factor of safety. 


Q.—Why is a globe valve or stop cock placed between 
the check valve and boiler? 


A.—So we can open up check valve for inspection or 
repair while the pressure is on boiler, by closing valve 
between check and boiler. 


Q.—What is the object of a check valve on boiler? 

A.—To prevent the water flowing back from boiler to 
pump when pump is stopped, etc. 

Q.—What is your first duty on entering the boiler room? 

A.—To make sure of the proper water level in boiler. 

Q.—What is priming? 


A.—Priming is the carrying of water with the steam 
over to the main engines and auxiliaries sometimes causing 
break downs. 


Q.—What is the cause of priming? 


A.—Forcing a boiler too hard, carrying too much water 
and impure water. 


Q.—How can foaming be stopped? 


A.—Close throttle long enough to get true water level. 
If water is high enough, feed and blow. 
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Q.—What is bagging in a boiler? 


A.—It is the dropping down of the furnace or crown 
sheet, due to low water, excessive heat, heavy scale, oily 
spots or rags on the sheet. 


Q.—How do you estimate the strength of a boiler? 
A.—By its diameter, tensile strength, and thickness. 


Q.—If you found a plate at the bottom buckled? 
A.—Put a stay through the center of buckle. 


Q.—If you found a blistered plate? 
A.—Put a patch on the fire side. 


Q.—If you found a thin plate? 


A.—Put a patch on the inside, because the action that 
has weakened the plate will then set on the patch. 


Q.—If you found several thin plates? 
A.—Patch each and reduce pressure. 


Q.—Suppose the top cock of the water glass be closed 
or the pipe choked, and the water-cock open, where 
would the water stand? 


A.—Up to the top of the glass. 


Q.—If the upper one were open and the bottom one 
closed? 


A.—The water would retain its level. 
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Q.—Would you depend on the water glass? 
A.—No. Use the gauge cocks. 


Q.—How is foaming observed or noticed? 


A.—It is observed or seen in the water glass by the 
water being unsteady; sometimes it shows a full glass of 
we then no water; keeps bobbing up and down in the 
glass. 


Q.—What causes weakening of boiler material? 


A.—Pitting, corrosion, scale, oil, poor construction, 
wear and long usage. 


Q.—How do you tell if there is acid in the water in the 
boiler? 


A.—By testing the water with blue litmus paper, which 
turns red when the water contains acid. 


Q.—How do you prevent this acidity? 


A.—By using a little soda in the feed water which keeps 
it slightly alkaline. 


Q.—What causes most all these troubles in the boiler? 


A.—Feed water with its impurities, air, oil, acid, and 
galvanic action. 

Avoid all these as much as you can in the feed water 
before it enters the boiler and this will save you a great 
deal of trouble. 

A careful watch and tests taken occasionally will help 
to eliminate these troubles (act). 
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Q.—What temperature does fresh water boil at? 
A.—At 212 degrees. 


Q.—Do the different altitudes effect the boiling point? 
A.—Yes. 


Q.—What temperature does salt water boil at? 


A.—Boiling point is 213.2 degrees and increases 1.2 
degrees for every ys degree of saltness of water in boiler, 


Q.—What is vacuum? 
A.—A space void of all pressure. 


Q.—At what temperature does fresh water freeze? 
A.—Freezes at 32 degrees. 


Q.—What would you do if a tube split? 


A.—Plug same and use tube stopper. 


Q.—What is the object of a safety valve on a boiler? 
A.—To relieve pressure. 


Q.—Where should the lower gauge cocks be located? 


A.—Not less than 4 inches above the top row of tubes, 
flues or combustion chamber. 


Q.—Whait parts of a marine tubular boiler are first in- 
jured by shortness of water? 


A.—The combustion chamber tops. 
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Q.—Where do boiler tubes first leak? 


A.—Generally in the combustion chamber end. 


Q.—How do you get a boiler ready for inspection? 


A.—Clean boiler thoroughly inside and outside, clean 
fire-room, remove ashes from ash pit, clean back connec- 
tions, brush tubes, close all valves, clamp safety valves, 
connect inspectors gauge to boiler gauge. The boiler 
being full of water, the hand pump is put to work, then 
pump up water pressure to the required pressure the In- 
spector wants, 


Q.—How soon would you get boiler ready for sea after 
inspection? 


A.—Never rusn a boiler. Scotch Marine, take 12 to 
24 hours, start with slow fires, get water circulating so as 
not to cause severe strains by unequal expansion and con- 
traction. 


Q.—What is a Salinometer and what is it for? 


A.—It is a hollow glass tube with two bulbs at the 
lower end of it; the bottom bulb is filled with lead or shot 
to make it float in an upright position. Above the other 
bulb, the stem is marked off in degrees and temperatures, 
aS gy-z%y-28, etc., which shows the amount of salt or 
solid matter to every 32 Ibs. of solution. Sea water has 
5 ounces of salt to the gallon or #5. The thermometer 
shows the different temperatures. The readings are taken 
at 200 degrees. Different temperatures show different 
readings. 
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Q.—What hydrostatic pressure do they use on boilers? 


A.—In Scotch Marine boiler it is 14 to 1 that is 150 
pounds of water pressure for 100 pounds of steam. In 
pipe boilers it is 2 to 1 that is 200 pounds of water pressure 
for 100 pounds of steam. 


Q.—What effect has cold water on hot plates? 
A.—It will fracture them. 


Q.—What are the greatest causes of boiler explosions? 


A.—Ignorance and neglect. 


Q.—How does the scale get into the boiler? 
A.—By the feed water pumped into the boiler. 


Q.—What causes scale to accummulate on the heating 
surface of boilers? 


A.—AIl water contains more or less solid matter, which 
forms a scum on the surface of the water, finally becomes 
heavy enough to sink, and is deposited and baked on the 
heating surface of boiler in the form of scale. 


Q.—What do you do to reduce scale? 


A.—Use the surface and bottom blows, filter water; 
also boiler compounds are used to neutralize the im- 
purities. There are a number of ways to get rid of the 
scale. Some day electricity will be the best means; a few 
are using it at present. It will take up too much space to 
explain or write about it. 
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Q.—When should a boiler be blown out? 


A.—After it is cooled off, never while hot, because it 
would give the scale a chance to bake on hard. It is better 
to let boiler cool off, then pump out the water and wash 
out and scrape, as the scale will be softer and will not 
edi a chance to bake on as it would if blown down while 

ot. 


Q—Why will a pump not lift hot water? 


_ A.—Because the vapor arising from it breaks the suc- 
tion or vacuum. Always have the hot water flow to the 
pump. 


Q.—What care should be taken of fusible plugs to pre- 
vent them from fusing? 


A.—Never allow water to get below the top of the com- 
bustion chamber, and see that the plug is kept clean and 
the top of combustion chamber around plug is kept clean, 
to allow the water to act on both of them. 


Q.—What is meant by the density of water? 


A.—The soluble material it contains. The density of 
sea water is zy as marked on salinometer and means that 
there is one part solid matter, in thirty-two parts water. 
Avoid using salt water as much as possible. 


Q.—Describe the circulation. 


A.—Through the application of heat through the fur- 
nace, back connections, flues and uptake, water coming in 
contact with the heated surfaces rises, the heated water 
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being lighter, thus displacing the cooler water on the sur- 
face, which falls to replace it, and then in turn rises. This 
goes on continually during the generation of steam. 


Q.—What would you do if you had one boiler (and ship 
loaded) out at sea and had no steam or hand pump to 
fill boiler? 

A.—Open bottom blow and valve on ship’s side, let 
sea water in enough to get up steam, then freshen up 
boiler to get rid of salt water by feeding and blowing. 


Q.—How do you find the proper size of safety valves 
for a boiler? 


A.—Allow three square feet of grate surface for one 
inch area of spring loaded valves, or two square feet of 
grate surface for one inch area of common lever safety 
valves. 


Q.—Where is the greater pressure on a flat bottom 
boiler? 


A.—On the bottom, because you have the steam pres- 
sure plus the water pressure. 


Q.—What are the effects of oil in a boiler? 


A.—Keeps water from coming in contact with the 
heated surfaces causing pitting. 


Q.—If you were to examine a boiler inside, what prin- 
cipal defects would you look for? 


A.—Give good test with hammer, look for corrosion, 
pitting, scale, broken stay rods and stay bolts, examine 
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braces, rivets, cracks around tube sheet and heads, fusible 
plugs and try furnace crowns, 

Q.—What is mechanical circulation? 

A.—Circulating water in boiler with a pump or hydro- 
kineter. 

Q.—What causes cracked tube sheets? 

A.—Defects in material and construction, excessive 
strains, uneven expansion and contraction. 

Q.—What is the effect of rapid circulation? 


A.—It insures a uniform temperature of the water and 
the pressure parts and prevents unequal expansion and 
contraction making less strain. 


Q.—What is the effect of poor circulation? 


A.—Causes unequal expansion and contraction and 
severe strains. 


Q.—How should the fires be started? 

A.—Very slow at first. Never rush boilers. 

Q.—What is the most important thing to look after 
before starting fire under boiler? 


A.—See that you have the right amount of water in 
boiler, see that the air cocks and steam gauge cock is open, 
all plates up tight, water glass in working order, and blow 
off valves closed. 
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Q.—When would you open your main stop valve and 
what particular things would you look for? 


A.—When the pressure equalizes, after cutting in 
boilers, I would open by-pass to warm up line and equalize 
pressure, make sure the throttle valve was closed, cir- 
culating pump running, and then open main stop usually 
an hour or so before sailing. 


Q.—Where are the effects of oil and grease first noticed? 

A.—Around water line, top of combustion chamber and 
tubes, because oil and grease will float. 

Q.—What are the effects of scale in boiler? 

A.—Keep water from coming in contact with the heated 
surfaces causing the plates to bag or burn. 

Q.—How would you know water was salty in boiler? 


A.—By using a Salinometer and Thermometer. 


Q.—What would you do if water was very salty? 
A.—Feed and blow. 


Q.—Does the glass on the water column show the true 
water level? 


A.—No. The water is about four inches higher in the 
boiler than in the glass on account of the difference in 
the density. The water in the glass and column, being 
cold, is considerably heavier and more than counter- 
balances the water in the boiler on account of its weight. 
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Q.—Where is a fusible plug placed in a boiler, what is 
it for, and of what is it composed? 


A.—It is placed in the top of the combustion chamber, 
and warns the engineer of the danger of low water. It is 
made of bronze with a tapered hole through center and 
is filled with banca tin 99.7, lead .1 and not more than .1 
per cent zinc. 


Q.—How would you put valves on boiler? 
A.—With a flange joint. 


Q.—What is a steam indicator? 


A.—An instrument that records the action of the steam 
in the cylinder and obtains the mean effective pressure 
throughout the stroke, also a guide to set the valves by. 


Q.—Describe the different methods of staying a Scotch 
Marine Boiler and how fastened to shell? 


A.—1. The main stays in general have a large nut and 
washers on the inside and outside, the latter being the 
largest and they run through the boiler from front to back. 


2. Screwed stays or riveted stays are between the com- 
bustion chambers backs and boiler backs and also between 
the combustion chambers. Screwed stays must be 
threaded for their entire length. 


3. Gusset stays consist of a piece of flat iron secured 
to both boiler backs and fronts near the tops and bottoms, 
by means of two pieces of angle iron and then carried to 
the shell plating and secured in the same manner. 
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4, Crow foot stays consist of a piece of iron with both 
ends flanged out for the purpose of riveting to both head 
and shell of the boiler. 


5. Palm stays are often found in the same position as 
gusset stays and sometimes used to stay the tops of 
curved combustion chambers. 


6. Girder stays are used on the tops of combustion 
chambers and formed to two vertical steel plates, and 
between these stays are passed down and secured into the 
top plate of the combustion chamber, nuts and overlap- 
ping washers used above. ‘The plates forming the girder 
are held together by rivets fitting through thimbles. 


7. Stay tubes run length-wise in the boiler and are ex- 


panded in both tube sheets, beaded over and sometimes 
caulked into position. 


Q.—How do you estimate the strength of a boiler? 


A.—By its diameter, thickness of shell, and tensile 
strength. 


Q.—How would you obtain the amount of water evap- 
orated per hour? 


A.—By the hydrometer and an evaporated test. 


Q.—Describe the mountings of a boiler. 


A.—The mountings consist of safety-valve, main and 
auxilary stop valves, top and bottom blow off valves, 
whistle valves, internal feed pipe, top and bottom water 
column valves, try cocks, salinometer cocks, steam gauge, 
water column water glass, hydrokineter, steam gauge 
valve, main and donkey check valves. 
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Q.—Name the safety applicances to a boiler and their 
uses. 


A.—Safety valve to relieve excess pressure. Fusible 
plug to warn of low water. Bottom blow to blow both 
mud and water. Surface blow to blow the scum on water. 
Salinometer cock to take the density of water. The try 
cocks to test the true water level. The feed checks for 
checking the back flow of water. Stop valves to regulate 
and shut off the steam. 


Q.—Name the appliances that concern water. 


A.—Water column, water glass, test cocks, fusible 
plugs, feed line check valves, internal feed pipe, salino- 
meter cock, and top and bottom blow off valves. 


Cause of scale in boilers. 


With fairly good water, it takes several years for a new 
boiler to scale and once it scales after removing the scale, 
it will scale again in a few months, because the skin of the 
iron or steel is gone, giving the scale a better chance to 
stick to the rougher iron or steel parts of a boiler. There- 
fore, avoid it as much as possible. The causes of scale are 
impure waters, oil and grease, mud, salty water, and poor 
circulation. 


How to prevent scale in boilers. 


Filter feed water (Use filters). 

Have feed water enter boiler under high temperature, 
avoid salty water, use graphite, have good circulation and 
use the surface and bottom blows. Be careful of most 
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boiler compounds. Lime and sal soda are good. Don’t 
use too much. 

Scale and clean boiler often, once cleaned it is easier 
to keep clean. 

Scale increases the fuel bill; avoid it all you can. 

Seamless tubes shall be free from all surface defects. 
The defects are tears, snakes, checks, slivers, laps, pits, 
rings, and sinks. 

Lap welded tubes shall be free from defective welds, 
cracks, blisters, scale, pits, and sand marks. 

The tubes should be spaced to allow enough room 
between them for rapid and efficient circulation of the 
water. 

Their size ranges from 2 inches diameter up to 4 inches 
diameter, with a space of 1 to 1} inches between them. 

The tubes connect the combustion chamber with the 
up-take in such form as to provide the greatest amount of 
heat absorbing surface, and are rolled and beaded over 
at the ends. 

The stay tubes are screwed in and act as stays to sup- 
port the tube-sheets. 

The main tubes are rolled and beaded to prevent them 
from slipping out of the sheets. 

Pitting in a boiler is like a scab on the hand. If you 
pick it off, it is red underneath and sore. The pits have a 
scab and if you tap it off, underneath you will find a red 
powder, looks like a raw sore or small hole eating through 
the skin of the iron or steel. 

Many of these pits have a scab or the appearance of a 
scab. All the small pits are the pitting of the boiler and 
keep increasing if you do not stop them. 

When you see this pitting if not too far gone, clean and 
scale the parts thoroughly and paint them with white 
zine. 
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Avoid as much as possible, air, oil, grease, scale, salt 
water, and impure feed water, as these are the trouble 
makers. 

Test your feed water every day, and remember, what 
you put into the boiler will show its after effects for the 
better or worse. 

The boiler is somewhat like the human system, it needs 
a thorough cleaning out to keep it in good condition, so 
treat it right and it will treat you right; abuse it, and it 
will abuse you. 


To stop pitting in boilers. 


First thoroughly clean and scale the boiler, then the 
parts that are pitted should be painted with white zinc; 
keep the water soft by using lime. Use sal soda to cut 
grease, and avoid air from getting into the boiler, mostly 
by keeping the pump glands well packed on water end 
and arrange so the water will flow to pump (avoiding quite 
a bit of air), avoid salt water as much as possible, use zine 
slabs also graphite. Electricity is one of the best means 
to stop pitting and corrosion and will be used quite a bit 
later on. Few use it now. 

Watch your feed water and temperature. 

Good circulation avoids a great deal of trouble. 

A boiler scales most while lying still under banked fires 
as ae circulation is poorer, giving the scale a chance to 
settle. 


Principal causes of corrosion in boilers. 


Acidity, use of animal or vegetable oil in cylinders. 

Air in the feed water. 

Galvanic action, caused by the construction of different 
materials in boiler. 
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Sea water boiled under high pressure becomes highly 
corrosive. 
Salt water absorbs more air than fresh water. 


How to stop corrosion. 
First thoroughly clean and scale the boiler, then avoid 
air in feed water, also mud, oil, grease, and salty water. 
Use zine and graphite. 
Avoid kerosene in boilers. 


A boiler is very much like the human system. We are 
liable to put something into it where the after effect is 
worse than the disease and are liable to injure it. Your 
feed water gi.es the most trouble, so use a little caution 
and care. An ounce of prevention is worth a pound of 
cure. Ignorance and neglect cause trouble. 


Some of the causes of falling crown sheets are as follows: 


. Excessive oil sludge deposits on the sheets. 

. Faulty material of sheets. 

. Excessive expansion and contraction. 

Steam pressure too high. 

. Driving a boiler too hard or forcing it with hot fires. 
. Improper handling of fires. 


. Admitting too much air after a hard run with hot 
fires and allowing it to cool down too suddenly. 


8. Boiler too small for engine and forcing same. 
9. Lamination, plate gets weaker as time goes on. 
10. Faulty design. 
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Some of the causes for pitting in boilers: 


1. Poor material not composed of proper material. 
. Too much phosphorus and sulphur in material. 

. Oxygen or air in water. 

. Impure water. 

. Improper care and management. 


. It is due to the chemical action of the water and may 
be looked for anywhere. 
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CARE AND MANAGEMENT OF BOILERS. 


Keep the boiler free of scale and dirt as much as you 
possibly can. 

Never rush a boiler; start it with slow fires and keep the 
water circulating until steam is up and ready to go, filter 
the feed water and send it into the boiler as hot as you can 
which helps to avoid scale. Use surface and bottom blows 
occasionally, test water in boiler daily, and never use salt 
water if possible or boiler compounds that contain acids 
(better none at all). Never use coal oil or allow oil and 
grease to get into boiler as it has a bad after effect. Use 
graphite in feed water as scale will not adhere to it; lime 
softens the water, sal soda cuts the grease, but don’t use 
too much. Never open furnace doors or connection doors 
to cool boiler down suddenly as it causes unequal expansion 
and contraction and may be leaks; keep all valves and 
cocks in good working order. Don’t let stack temperature 
get too high. All of these points save fuel and troubles. 
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Use of zinc slabs in boilers. 


Zine slabs are put in boilers to avoid a galvanic action. 
Instead of the minerals and acids acting on the shell of 
the boiler, it acts on the zinc slabs, which crumple up into 
small pieces and are eaten through like pitting and cor- 
rosion, in from one to six months, depending on the con- 
dition of feed water. (Renew slabs). The graphite which 
mixes with water is used, it helps to stop pitting and cor- 
rosion as no scale can stick to the graphite. 

Graphite works in behind the scale, loosens it and then 
drops off. If any graphite should go over from boiler to 
engine, it can not do any harm, as graphite is good for 
valves and cylinders. If you discover pitting in the boiler, 
clean and paint parts with white zinc, then afterwards 
use a little graphite. 

To soften water use lime. 

To cut grease use sal soda. 


Use filters and avoid trouble. 


WATER PUMP (Feed). 


The steam end is larger than the water end in order to 
pump against boiler pressure. 

The suction pipe is the larger in order to receive the 
volume of water. 

The discharge pipe is the smaller in order to form a 
pressure to pump against, also to help seat the valves. 

The suction valves have less lift than the discharge 
valves and the tension of the springs on the suction valves 
should be weaker than the tension on the discharge valves, 
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so as soon as the plunger starts a little, it will lift the suc- 
tion valve and get the volume of water. The discharge 
valve should have from +,” to 3” more lift than the suc- 
tion valve in order to get rid of the volume of water and 
the tension of the springs on the discharge valve should 
be stronger in order to seat the valve tight and hold the 
water. The valves used are mostly brass valves. Some 
use hard rubber valves depending on condition. An air 
chamber on a pump makes it work better and helps to 
throw a steadier stream of water. 


EXAMINATION QUESTIONS. 


Q.—What is lead? 


A.—Lead is the space that the valve comes short of 
covering the port when the engine is on the dead center 
(Beginning of the stroke). 


Q.—How many kinds are there? 
A.—Two. 


Q.—Define each. 


A.—Outside or steam lead is the space that the outside 
or steam edge of the valve comes short of covering the 
port when the engine is on the dead center. 

Inside or exhaust lead is space that the inside or ex- 
haust edge of the valve comes short of covering the port 
when the engine is on the dead center. 
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Q.—Of what use is lead to an engine? 


A.—It increases the speed of the engine. To increase 
the speed of an engine we must have more angular ad- 
vance. 


Q.—How do you give an engine more lead? 
A.—By advancing the eccentric on the shaft. 


Q.—What effect has too much lead on an engine? 


A.—It causes the engine to pound and also forms too 
much cushioning. 


Q.—Why are engines given more lead on the bottom 
than on the top? 


A.—To overcome the weight of the piston, also the area 
of the rod end. 


Q.—What is lap? 


A.—Lap is the amount that the valve laps or extends 
over the port when the valve is in its mid position or 
middle of the seat. 


Q.—How many kinds are there? Define each. 


A.—Two. Outside or steam lap is the amount that the 
outside or steam side edge of the valve laps over the port 
when the valve is in its mid position or middle of the seat. 
Inside or exhaust lap is the amount that the inside edge 
or exhaust side edge of the valve laps over the port when 
the valve is in its mid position or middle of the seat. 
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Q.—What is the use of lap? 


A.—To cut off the steam and work it expansively, also 
to give the engine compression. 

Q.—What is the use of the valve? 

A.—It regulates the flow of steam to and from the 
cylinder. 

Q.—What is an eccentric? 

A.—A circular disc secured out of center on a shaft. 


Q.—What is meant by brazing? 


A.—Brazing is hard soldering and consists of the joinin 
together of parts made of copper or brass. / . 


Q.—Describe the defects which develop in steeri 
chains or weight lifting chains. p in steering gear 


A.—Fatigue of the metals take place after long service 
and the material becomes brittle. To remedy this, the 
heat process of annealing is carried out. The chains are 
heated to a red heat in an annealing furnace and cooled 
out slowly. This restores the ductility. 


Q.—What does H..0. mean? 
A.—It means 2 parts hydrogen and 1 part oxygen. 
Q.—Where are the air pipes and soundi i 

placed in each tank? i eS ae 


A.—In each tank the air pipes are usually placed for- 
ward and the sounding pipes aft, for the reason that air 
rises to the highest level and water falls to the lowest level. 
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Q.—What would you do if the piston did not have 
enough clearance at the bottom of cylinder? 


A—Put a shim under the foot of connecting rod. 


Q.—How do you find the clearance of a piston on the 
bottom? 


A.—Place engine on bottom center, then make a mark 
on the guide and shoe to correspond, then disconnect the 
connecting rod from the pin and let the piston drop down, 
then measure the distance between the mark and the 
distance she dropped down to. 


Q.—How do you get it on the top? 


A.—There are several ways; one easy way is to place 
the engine on the top center take off the head, then mix 
some red lead putty kind of stiff, place it between thin 
paper, put on head, and screw it down tight, then take off 
head and measure the thickness of putty which gives the 
top clearance. 


Q.—What effect has clearance on engine? 


A.—Too much clearance is a waste of fuel and steam 
and too little causes too little cushioning at end of stroke 
also causes piston rod to leak. 


Q.—What is the counter bore in cylinder for? 


A.—To allow the piston and rings to slide into cylinder 
with ease, so as not to wear a shoulder in the cylinder. 
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Q.—What is the throw of an eccentric? 

A.—The distance between the center of the bore and 
the center of the eccentric. 

Q.—What is the position of the sheave in regards to the 
crank? 


A.—At right angles or 90 degrees ahead or in back and 
allowing for lap and lead. 


Q.—What use are the links to an engine? 

A.—To cut off the steam at different parts of the stroke 
and to reverse the motion of engine. 

Q.—What is a condenser? 


A.—It is a receptacle into which the exhaust steam 
enters and is there condensed by the water from the cir- 
culating pump. 


Q.—How is it kept clear of the water and vapor? 


A.—By the air pump which forms a vacuum in the 
condenser. 


Q:—How are the tubes packed in condenser? 


A.—By a packing (corset string) and tightened by a 
brass ferrule screwed into the shell to keep it tight. 


Q.—What is steam? 


A.—It is an invisible, elastic gas generated from water 
by the application of heat. 
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Q.—What is meant by using steam expansively? 


A.—To admit steam and cut it off at a certain part of 
the stroke, allowing expansion the remaining part of the 
stroke. 


Q.—What is a counter bore? 


A.—Part of the cylinder above the liner, having a larger 
diameter so as not to have a burr form due to the constant 
rubbing of piston. 


Q.—What is meant by horse power? 


A.—It is equivalent to the raising of 33000 lbs. a foot 
high in one minute. 


Q.—Describe the advantages of a spring loaded safety 
valve over a lever safety valve. 


A.—A spring loaded safety valve has no weight for 
pressure of steam, no loss of steam through pitching and 
rolling which causes the valve to blow at varied pressures, 
not liable to stick up or down when vessel is listed, greater 
accessability due to lighter parts. 


Q.—How would you adjust the load between the cylin- 
ders of a compound engine? 


A.—By the cut off and links. 


Q.—What is the mean effective pressure? 


A.—The average pressure throughout the entire stroke. 
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Q.—What is wire-drawing? 


A.—A reduction of the steam pressure from boilers to 
engine, due to passage, curves, bends, etc., in the steam 
pipe. 


Q.—With links in motion, when has the valve its 
shortest travel? 


A.—When the links are in mid position. 


Q.—Why is the piston valve more economical than the 
eommon slide valve? 


A.—Because the piston valve admits steam on the in- 
side and exhausts on the outside of valve, causing less 
wear and pressure on the valve stem and packing. 

The common slide valve takes steam on the outside of 
valve, causing more wear on the valve stem and packing, 
also a pressure on the valve and seat, making it necessary 
to face them now and then. 


Q.—What is a true pitched wheel? 
A.—A propeller whose pitch is uniform throughout. 
Q.—What is increasing pitch? 


A.—When the blades increase toward the tips or “after’’ 
edge. 


Q.—What is sensible heat? 
A.—That heat which affects the thermometer. 
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Q.—What is latent heat? 
A.—Heat that does not affect the thermometer, such as 
changing a solid form (ice) to a liquid form (water) at the 


same temperature also changing a liquid form to a gaseous 
form at the same temperature, and vice-versa. 


Q.—What is total heat? 
A.—Heat which combines both sensible and latent heat. 


Q.—What is back pressure? 


A.—Pressure on the exhaust side of piston. 


Q.—What is absolute pressure? 


A.—Pressure shown above a perfect vacuum. 


Q.—What is gauge pressure? 


A.—Pressure shown above the atmospheric pressure. 


Q.—What is initial pressure? 
_ A.—Pressure shown at the beginning of the stroke and 
is less than gauge pressure due to wiring drawing. 
Q.—What is terminal pressure? 


A.—Pressure that would show at the end of the stroke, 
provided that the exhaust valve did not open until at the 
end of same stroke. 
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Q.—What is meant by pitch? 

A.—The amount the propeller would travel in one 
revolution. 

Q.—What is apparent slip? 

A.—The difference between the speed of the propeller 
and speed of the ship. 

Q.—What is negative slip? 


A.—The difference between the speed of the propeller 
and speed of the ship after considering the tide, current, 
sea, and wind. 


Q.—What is the average length and width of an indi- 
cator card? 


A.—44 inches long and 1} inches wide. 
Q.—What does the length of a card represent? 
A.—Represents the stroke. 

Q.—What does the height of a card represent? 


A.—Represents the pressure of steam. 


Q.—How do you find the size spring to use on an in- 
- dicator card? 


A.—Take the average height and divide by the pressure. 


Q.—How do you find the area of a card? 
A.—Miultiply the length by the average height. 
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Q.—What is vacuum? 

A.—A space void of all pressure. 

Q.—What precautions should you take before warming 
up an engine? 


A.—Have all the drain valves open, then see that the 
jacking gear is out, and everything clear, circulating 
pump running, then crack the passover valves gently. 
Drains must be open to relieve pressure and water. 


Q.—Why are nuts and washers put on a stay rod inside 
of a boiler, besides being on the outside? 


A.—To afford better adjustment, also to prevent the 
stay from being blown out in case of a fracture or com- 
plete parting of the stay. 


Q.—What generally causes a safety valve to stick? 


A.—Grease, dirt, and scale. 
Q.—Where are the thin plates found in a boiler? 


A.—Around combustion chambers, crown sheets, and 
fire box on fire line. 


Q.—What two factors does the efficiency of a boiler 
consist of? 


A.—The efficiency of the furnace and that of the heat- 
ing surface. 
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Q.—What is to be done to a cracked plate? 


A.—Drill a hole at each end of the crack, caulk the 
crack and put a patch over it. 


Q.—Trace the steam from the boiler and return to 
boiler in the form of water. 


A.—The steam passes from the boiler through the main 
stop valve, steam pipe, through the bulk head stop valve, 
to the throttle valve, where it passes to the high pressure 
valve. Distributed and performing its work, it is ex- 
hausted into the low pressure receiver and also performs 
its work there. Then the exhaust from the low pressure 
cylinder passes into the condenser coming in contact with 
a large area of cold surface condensed into water by the 
circulating pump. By means of the air pump is dis- 
eharged into the hot well, then the feed pump discharges 
this feed water through the feed heater and feed line, then 
through the check valve and internal feed pipe back into 
the boiler into the form of water. 


Q.—How many valves has an air pump? 


A.—Three sets of valves, namely: Bucket, floating top 
and bottom or foot valves. 
Q.—How much vacuum is carried at the present time 


for different types of engines? 
~ A—From 24 to 29 inches. 
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Q.—What is the baffler plate in the top of the inside of 
condenser for? 


A.—To break the force of the exhaust steam and pro- 
tect the action on the top rows of tubes. 


Q.—What kind of tubes are in the condenser? 


A.—Brass tubes that are tinned. 


Q.—What would you do if a few tubes leaked? 
A.—Plug them. 


Q.—What happens when condenser gets air bound? 


A.—You begin to lose vacuum. 


Q.—What do you do then? 


A.—Open vent valve or cock on top of the condenser 
at water end to let out air and get more water to circulate 
with circulating pump. When water comes out of cock, 
close it after the vacuum comes up, or leave it cracked. 


Q.—How do you get the best results out of a condenser? 
A.—Keep it clean and tight. 


Q.—How do you get the grease out of a condenser? 


A.—By boiling it out with sal soda and hot water, then 
wash it out several times. A condenser should be given 
a great deal of attention for good results. 
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Q.—What would you do if the crank pin was loose in 
the crank web? 


A.—Drill holes between crank web and pin, tap out 
same, and screw in plugs and rivet over. 


Q.—If you knocked out the L. P. cylinder head on a 
compound engine? 


A.—Block steam port so as not to admit any steam on 
the top end of piston, reduce pressure, and proceed after 
covering the top of cylinder. If she sticks on the center, 
put a shim under the foot of the eccentric rod so as to 
give more steam on the bottom. Keep her off the center. 


Q.—If the L. P. connecting rod broke on a compound 
engine? ; 


A.—Use the H. P. connecting rod in the place of the 
low, then take H. P. valve out to let the steam pass over 
into the L. P. valve, then let H. P. piston down to the 
bottom of cylinder and reduce steam pressure. 


Q.—If engine slowed down suddenly at sea where 
would you look for the trouble in particular? 


A.—The vacuum or hot bearings. 


Q.—If the whistle broke beyond repair? 


A.—Make one out of a piece of pipe and wood. 


Q.—If a tube split in boiler? 
A.—Plug it and use tube stopper. 
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Q.—On a compound engine if you knocked out both 
top cylinder heads, what would you do? 


A.—Block both top steam ports so as not to admit 
steam on top ends of cylinders, cover the tops to keep out 
dirt, reduce pressure and proceed slowly, keep engine off 
centers when stopping; if it is necessary put shim under 
the foot of eccentric rod to give more port opening on 
bottom of valve. 


Q.—If the go ahead eccentric broke, how could you get 
into port? 


A.—Use the backing eccentric in place of the go ahead, 
then sling up the back end of the links, run slowly. You 
could not back. 


Q.—If water column pipe broke on one boiler? 


A.—Cover yourself over good with coat or sacks, put 
sponge in mouth to keep the steam from getting into the 
nose and lungs, put sack over hands, and shut off valves, 
bottom one first. If too hard to get at, then shut off 
fires, close stop valve on other boiler, work off the steam 
(on boiler that pipe is broken) with engine till pressure is 
down, then fix. You can run slowly with the other boiler 
until repairs are made. When finished, get boiler ready 
as soon as possible to cut in on line. 


Q.—If circulating pump got air bound, what would 
happen and what would you do? 


A.—You would lose vacuum. Open air valve to re- 
lease air (Prime pump). 


136 SELLANDER’S LIGHTNING CALCULATOR 


Q.—If you got a stop bell at sea and could not close 
throttle in a hurry. Act quickly, what would you do? 


A.—Throw links in center to stop, close main stop 
valve, open drains, then examine and fix throttle. 


Q.—If condenser gets air bound or blanketed? 


A.—Open vent cock on top of water end of condenser 
to let air out, see that circulator is working all right and 
your vacuum will pick up again. Close vent partly when 
finished. 


Q.—If 6” pipe on ash gun broke at flange and you had 
no dies to rethread same, how would you fix it, so as not 
to hoist ashes? 


A.—Take pipe down, put broken end in fire, when hot 
enough dip it in lime to anneal it, then put flange over it 
and peane it over tight, then put in piece of wood and 
gasket or several thick gaskets to make up lost space, 
couple up and you are ready again. 


Q.—What is the fault if the crank web bears upon the 
crank brasses endwise? 


A.—Waitch the clearance between the crank pin brasses 
and the crank web; if the web bears upon the brasses 
endwise, it is a fault of the adjustment of the thrust 
bearing or its horse shoe collars, they will heat. Use the 
tram for adjustments. 
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Q.—What parts of the valve gear are important in the 
setting of the valve? 


A.—The center position of the valve in regard to ports, 


the steam and exhaust laps, the stroke of the valve and 
the lead and angular advance of the eccentric. 


Q.—When should the valve be set if needed? 
A.—First take up all the lost motion and slack required, 
have engine warmed up to allow for expansion and con- 


traction, place engine on center, then go ahead and set 
the valve. Always set them when warm to get accuracy. 


Q.—What is the Indicator for? 


A.—To show the action of the steam on the diagram or 
cards taken and a guide for setting the valves. 


Q.—What is the distance between the lines of throw of 
the sheaves? 


A.—180 degrees, minus twice the angle of advance. 


Q.—What is meant by the angle of advance? 


_ A—The amount that the sheave is advanced beyond 
its true position, to allow for lap and lead, 


Q.—What is the true position of the sheave? 


A.—At 90 degrees to the crank, leading the crank. 
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Q.—What is the actual position of the sheaves? 


A—At right angles to the crank, plus the angle for lap 
and lead, leading the crank. 

Q.—Is there a perfect vacuum in the condenser? 

A.—No; there must always be a small pressure in order 
to let the air pump work. 

Q.—How do we know there is no vacuum in condenser? 


A.—By the vacuum gauge. 


Q.—What kind of a valve should the bilge injection be? 


A.—A non-return valve, one whose spindle is not con- 
nected to the valve. 


Q.—If you have 4 boilers, how do you set the checks 
for the feed water to enter? 


A.—The one nearest the boiler just cracked, the next 
a little more, the next more yet, and the last nearly wide 
open according to the firing of boilers. Don’t open too 
mouch to hammer, it is hard on checks. 


Q.—Why does condensing the used steam make a 
vacuum? 


A.—Because a cubic foot of steam, at the atmospheric 
pressure shrinks into about a cubic inch of water. 
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Q.—Where is the greatest pressure on a flat bottom 
boiler? Why? 


A.—On the bottom, because there is the steam pressure 
plus the water pressure. 


Q.—Where will the pressure show its effect quickest? 

A.—In the center of the bottom. 

Q.—Where is the greatest pressure in a cylindrical 
boiler? 

A.—On the bottom fore-and-aft line. 

Q.—Upon what does the strength of a furnace tube 
depend? 

A.—Upon the thickness of plate squared, its diameter, 
and the length of the tube. 

Q.—Describe a Fox corrugated furnace? 


A.—It is a furnace made in corrugation instead of being 
plain. It is much stronger than an ordinary furnace and 
has a greater advantage of being able by its expansion 
and contraction to crack the scale off. Curved lines are 
stronger than straight lines. 


Q—Why do the bottom seams on the bottom of a 
boiler give the most trouble? 


A.—Because the top wants to expand a great deal more 
(highest temperature, heat goes to the top) than the bot- 
tom (lowest temperature) consequently the bottom is 
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pulled out, and the top held back, or the top dragging the 
bottom of the boiler with it, destroying the tightness of 
the joints. For illustration, if a boat is making 10 knots 
an hour, then tows another boat making 6 knots an hour, 
it is held back by the other boat and has to drag it along, 
therefore the top of the boiler is held back by the bottom 
and drags it along, destroying the tightness of the joints, 
caused by the different temperatures. 


Q.—Why is there a bend in the pipe leading to the 
steam gauge? 


A.—To retain the water of condensation, so as to pre- 
vent the hot steam from coming in contact with the 
spring. If at any time the water is drained from the 
siphon, be sure to turn the steam on very slowly at first 
until the siphon is again filled with water. 

Q.—What seams in a boiler are the most important? 


A.—The longitudinal ones, then the circumferential. 


Q.—If you found several thin plates? How fix? 


A.—Patch each and reduce the pressure. 


Q.—If you found a blistered plate? 


A.—Cut the blister off, clean the place, and put a patch 
on the fire side. 


Q.—If you found a plate at the bottom buckled? 


A.—Put a dog across with a stay through the center 
of the buckle. 
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Q.—If you found several buckled? 
A.—Stay each, and reduce the pressure. 


Q.—A cracked plate? 
A.—Drill a hole at cach end of the crack, tap and plug 
up the holes; caulk the crack, or put a patch over it. 


Q.—How do you change the water in the boiler when 
steam is up? 


A.—Feed and biow. 


Q.—Which is the stronger, a square or round tube? 


A.—A round one, because the stress on a tube is princi- 
pally a collapsing stress; and a perfect circle is better able 
to resist this stress than any other shape. 


Q.—What is steam? 


A.—An invisible elastic fluid generated from water by 
the application of heat. 


Q.—What makes it so valuable to us? 


A.—The ease with which we can condense it. Its great 
expansive power. 
The small space it occupies when condensed. 


Q.—Why do you condense the steam? 


A.—To get rid of it when it has done its work, thus 
making a vacuum and destroying the back pressure on 
the piston, and thus to get more useful work out of the 
steam. 
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Q.—Why does condensing the used steam make a 
vacuum? 


A.—Because a cubic foot of steam, at the atmosphere’s 
pressure shrinks into about a cubic inch of water. 


Q.—In a cylindrical boiler, how far apart should the 
main stays be? 
A.—About 15 to 18 inches each way. 


Q.—Of what diameter should they be? 
A.—About 23 or 2} inches. 


Q.—How are the stays secured? 

A.—With a large nut and washer inside and outside 
the boiler, outside washer being larger. 

Q.—Why is the outside washer the larger? 

A.—So as to hold the back and front ends together 
more efficiently. 

Q.—Are there any more stays in a boiler? 

A.—Yes; riveted or screwed stays, gusset stays, and 
palm stays. 


Q.—Where are the riveted or screwed stays used? 


_A.—Between the combustion chamber back and boiler 
back, also between the sides of the combustion chambers. 
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Q.—What precautions are necessary when fitting 
screwed stays? 


A.—The holes must be tapped with a long tap, so that 
the thread is perfectly fair through, and the stay must 
be screwed for its entire length. 

Q.—Why are stays put in boiler? 

A.—To strengthen and brace the boiler also prevent 
the plates from buckling. 


Q.—TIf there were two boilers of the same thickness and 
tensile strength, which would stand the greater pressure 
and how much? One boiler is 12 feet in diameter and the 
other 6 feet in diameter? 


A.—The smaller one would stand twice as much pres- 
sure. 


EXAMINATION FOR THIRD ASST. 
ENGINEER. 


How do you find the dead center of an engine? 
How do you set a common D slide valve? 
How do you set the valves of a duplex pump? 
How do you get a boiler ready for inspection? 


How soon would you get up steam on a Scotch marine 
boiler after inspection? 


What is your first duty on entering fire-room? 
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What would you do if water got low in boiler? 

What are your duties before relieving a watch at sea, 
also while on watch? 

What would you do if on watch and the engine slowed 
down suddenly? Name some causes. 

What would you do if circulating pump got air bound 
and how would you prime it? 

What would you do if condenser got air bound, also 
how would it act on the vacuum? 

Name some of the causes of a pump not working good. 

What would you do if boiler was foaming? 

Describe a salinometer and how used. 

Trace the steam from boiler through main compound 
engine and return to the boiler as water. 

What is a dynamo? 

What is a volt, ampere, ohm and watt? 

How is the volt meter wired? 

How is the ammeter wired? 

What is the circuit breaker for and where placed? 

What are the fuses for and where placed? 

How is a steamship wired? 

How do you tell the positive and negative wires? 

What would you do if a wire was on fire? 

Name some of the causes of sparking of the commutator. 


Describe the firing of a boiler with oil. 
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Have you been or had experience with steam turbine? 
If so, name the two types of turbines. 


What is an evaporator and how does it work? 
How do you start an ice machine? 
What does the strength of a boiler depend on? 


Problems to study are to find the weight to be placed 
on end of lever (Safety Valve). 


Stays and stay bolts. 

Pitch of wheel. 

Coal bunkers. Find capacity. 

Oil and water tanks. Find capacity. 

Horse power of engines. 

Indicator cards. 

Decimals, fractions and square root. 

Find area, diameter and circumference of a circle. 
Knots made on certain amount of fuel. 

Study break downs and what to do. 


Q.—Give general description of a Gasoline Engine? 


A.—A Gasoline Engine consists of one or more, generally 
four cast iron cylinders suitably mounted on a bed plate, 
cylinders of equal bore cast with water passages for cool- 
ing. Inside of the cylinders are pistons of the trunk type 
fitted with snap rings connected with the crank shaft by 
connecting rods from wrist pin to piston inside. At the 
end of the crank shaft is a fly wheel to take care of any 
uneven rotation that may occur. The fuel and exhaust 
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valves and firing device are operated from the cam shaft 
which is operated from the intermediate gears on the crank 
shaft. The fuel is fed from the carburetor where it is 
properly fed and regulated for vaporizing, then through 
the passages to the combustion chamber where it is ex- 
ploded by ignition and is used in the power stroke of the 
engine piston, after which it is exhausted through the ex- 
haust valves and passages to the atmosphere, generally 
through a muffler. 


Q.—What care is required? 


A.—The bearings and pins must be overhauled and all 
lost motion taken up. Cylinders must be kept clean and 
free from carbon deposits and piston rings kept tight. The 
fuel and exhaust valves kept tight and true. The timing 
of valves and ignition set correct. Keep a strong set of 
batteries on hand in case the magneto does not work right. 
Mangeto and terminals of sparking device kept clean and 
bright to insure a good spark. See that no dirt gets into 
the feed line to keep check valve and the carburetor from 
working. Keep circulating pumps in good repair. See 
that the wires and switch are in good order. 


Q.—Does kerosene burn as fast as gasoline? 


A.—No. Because it is heavier than gasoline and re- 
quires more air to consume it. 


Q.—From what is the ignition current caused? 


A.—From batteries, also magneto. 
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Q.—What is the clearance space of the engine? 


A.—AIl the space that exists between the cylinder head 
and the piston when it is at the top of the stroke. It is 
generally about 30 per cent of the cylinder volume. 


Q.—What causes explosions in the muffler? 


A.—Unburned gases entering the muffler and being 
exploded by the gases from the other cylinders that are 
firing. 


Q.—What is back firing? 


A.—Not enough gasoline, inlet valve not closing prop- 
erly, spark timed wrong, or wiring wrong. 


Q.—What causes pounding in gasoline engine? 


A.—Spark advanced too far, excessive carbon, over- 
heating, lack of lubrication or mechanical looseness. 


Q.—Why is it necessary to cool a gas engine cylinder? 


A.—If no provision was made for absorbing the heat, 
caused by the rapid series of firing which raises the tem- 
perature to 2000 degrees and over, the working parts 
would become overheated and distorted, the piston would 
expand and possibly seize in the cylinder, pre-ignition 
would take place and cause back firing. 


Q.—Will any mixture of gas and air explode in a gas 
cylinder? 


A.—No. If you admit too much or too little you will 
loose power. 
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Q.—Why is the explosive mixture compressed before 
explosion? 


A.—To obtain the required temperature for explosion. 


Q.—Why is it necessary to have the battery co ti 
thoroughly insulated? y connections 


A.—So you will not lose the current and so as not to 
make a short circuit. 


Q.—How would you have your gas tank arranged? 


A.—Have a shut-off at supply tank, see that the con- 
nections were tight, flexible metal piping that would stand 
vibration, and that it had sufficient ventilation and free 
from water. 


Q.—How do you get gasoline engine ready and how do 
you start it? 

A.—First throw out clutch, see that you have enough 
gasoline and oil, turn on water, set carburetor, retard 
spark, turn on switch, then turn over or crank engine; 
when ready throw in clutch and give more gas and air for 


speed. 
Q.—How is the gasoline fed and how mixed? 


A.—It is fed to the carburetor by gravity, vacuum, or 
pressure. It is mixed with air. 


Q.—What are the principal parts of a carburetor? 


A.—Float chamber, float, float valve, spray nozzle, 
needle valve, mixing chamber, primary air inlet, and 
throttle valve. 


—— 
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Q.—How do you stop a gasoline engine? 
A.—Close throttle and pull switch. 


Q.—Is there a limit to compression? 


A.—Yes. As too great compression would cause pre- 
ignition and back firing. 


Q.—What does two and four cycle mean? 


A.—Two cycle means that the cycle or function is com- 
pleted in two strokes of the piston. 

Four cycle, the cycle or function is completed in four 
ie of the piston as intake, compression, fire, and 
exhaust. 


Q.—What kind of valves do each kind have? 


A.—The valves of a two-cycle engine are stationary 
ports, which are opened and closed by the action of the 
piston. The four cycle engine are usually poppet or 
mushroom valves making them simple to operate. There 
are others. 


Q.—Which is the best, make and break or jump spark? 


A.—Jump spark is the best as it can be set the best and 
is the most certain. 


Q.—What are some of the causes of failure to start? 


A.—No spark, no compression, no gas, or frozen. 
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Q.—What causes premature ignition? 


A.—Spark advanced too far, excessive carbon deposits, 
or engine overheated. 


Q.—What does an electric battery consist of? 


A.—Consists of sulphuric acid (diluted) acting on zinc 
and carbon. 


Q.—What are the methods of ignition in use? 
A.—Jump spark and make and break. 


Q.—How do they differ? 


A.—Make and Break. Two contact points, one in- 
sulated and one grounded in cylinder through which an 
electric current passes while they are in contact; are 
located in the end of cylinder. A spark coil is also in- 
cluded in this system, and at proper time for ignition the 
current is suddenly broken by mechanism operated by 
valve gear shaft of engine. A spark is made at the con- 
tact point. 

Jump Spark. Two insulated terminals separated about 
vz of an inch, are located in the combustion chamber of 
cylinder. The secondary or high tension current of an 
induction coil forces a spark to jump across the air gap 
between the terminals when the circuit of the primary 
current is closed by mechanism operated by the valve 
gear of the engine. 


Q.—What is the muffler for on the exhaust pipe? 


A.—To silence the gases from the cylinders before they 
escape to the atmosphere with as little loss as possible due 
to back pressure. 
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DIESEL ENGINES. 


Q.—Give a general description of a Diesel Engine. 


A.—The general type of Diesel Engines consists of 
several cast iron cylinders of equal bore, cast with water 
passages for cooling, mounted on a suitable bed plate. 
The engine is of the trunk type fitted with a long piston 
containing several snap rings. The piston is connected 
with the crank shaft with a connecting rod to the wrist 
pin in the piston. At the end of the crank shaft is a fly 
wheel to take care of any uneven rotation. A cam shaft 
connected to the crank shaft by intermediate gears oper- 
ates the fuel and exhaust valves, injecting the fuel oil and 
exhausting the products of combustion. A separate com- 
pressor is used to force the fuel into the cylinder. ‘The 
Diesel engine uses crude oil residual petroleum products. 
The Diesel Engine has three general characteristics which 
are distinct when compared with other Gas or Oil En- 
gines. First: During compression stroke, the contents of 
cylinders is air only, and its temperature is raised by com- 
pression far above that required to ignite the charge. 
Second: The clearance space is only eight per cent of 
cylinder volume and more than enough air is compressed 
in this space to completely burn all the fuel for which 
engine is designed. Third: No explosion occurs, as the 
fuel oil is burned as fast as it is injected into the cylinder. 

The engine with its fuel, air, and exhaust valves operates 
on the Otto or on four cycle, with the exception that no 
explosion takes place and no ignition apparatus 1s neces- 
sary. The cam shaft is driven through intermediate gears 
by the crank shaft, and carried to valve cams which 
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operate. the fuel and exhaust valves. Compressed air 
comes into the fuel valve through a pipe behind the oil 
which is delivered by the air pump. Surrounding the 
spindle of the fuel valve is a series of washers perforated 
parallel to the spindle. The opening of the fuel valve 
allows the compressed air to drive the oil through the 
perforated washers in the form of a fine spray. Air for 
compression is drawn into the cylinder on the down stroke 
of the piston. On the up stroke of the piston the air is 
compressed, the temperature thus obtained is more than 
enough to ignite the oil as soon as injected. At the com- 
mencement of the down stroke the fuel valve opens for 
about 75 of the stroke. The fuel is admitted and burned 
during the whole or part of the period according to the 
action of the governor. After the fuel supply is stopped 
the gases expand during the remainder of the stroke and 
are finally ejected through the exhaust valve and passages 
to the atmosphere. On the up stroke of the engine the 
quantity of the fuel admitted depends on the action of the 
governor. Oil is pumped to the fuel valves by an oil 
pump driven by the cam shaft. There is a pump cylinder 
for each main cylinder, and back of each is a valve which 
opens and acts as a by-pass and allows the oil to flow again 
to suction side of pump instead of to the fuel valve of 
engine. These by-pass valves remain open for a greater 
or less proportion of each stroke of the pump pistons, and 
the length of time they are open is controlled by the 
governor. The bearings and pins must receive attention 
and lost motion must be taken care of to prevent knocking. 
The piston must be kept tight in the cylinder. Oil pump 
and compressor must be kept in good condition. Timing 
of the valves set to act correctly. The fuel and particularly 
the exhaust valves (on account of the extreme heat they 
are subjected to leading to distortion of the valves) must 
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be kept true and ground in tight. Compressed air is ad- 
mitted to the cylinder by simply turning a valve. A 
further turning of the valve puts starting valve out of 
gear, and stops the compressed air and opens the fuel 
injection valve. On the introduction of fuel the engine 
begins to work on her own power. Tn this way the en- 
gine is started, stopped, and reversed with the aid of cams 
on the cam shaft. 


Q.—What is the temperature of air in the cylinders of 
a Diesel Engine? 

A.—1000 degrees. Fahrenheit. 

Q.—At what pressure is the charge injected into the 
cylinders? What is the pressure at the end of the stroke? 

A.—500 Ibs. About 25 Ibs. 


Q.—What is meant by specific gravity of crude oil? 


A.—The ratio or the difference in weight between a 
given amount of water and a given amount of crude oil 
at the same temperature. 


Q.—How many gallons to a barrel of crude oil? 
A.—42 gallons. 


Q.—How are heads connected to the cylinder? 


A.—They are generally connected by having a gasket 
between the cylinder and head, when the circulating water 
passes directly from the cylinder to make the water joint 
tight. Some engines have outside by-passes. The heads 
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‘are held in place by bolts and nuts; some engines have 
heads cast on the liners, the rim of the head making the 
joint at the top of the cylinder, held in place with studs 
and nuts. Other engines are cast heads and cylinders in 
one piece. 


Q.—How long does the expansion of fuel last? 


A.—The fuel expands in the cylinder until the exhaust 
valve opens to let it out. 


Q.—What injection air pressure is used on most en- 
gines running full speed, half speed, and slow speed, if 
any difference, why? 


A.—Full speed 800 to 1000, slow speed 700 to 800 lbs., 
by reducing air pressure it gives a longer injection of fuel 
by not forcing it in so fast. 


Q.—Name two types of fuel injection valves for light 
oil and describe them. 


A.—The lift or needle valve consists of three essential 
parts, a casing atomizer, and needle, also a burner plate. 
The valve is operated by a lever lift action and is seated 
by a spring holding it on its seat. The push valve is the 
same as the needle, except that it has no burner plate and 
the lever pushes it off its seat, into the cylinder, the seat 
of the valve acts as a burner plate, adjusted by distance 
of opening. The space between the spindle and the casing 
contains the atomizer and fuel oil and air. The fuel 
below the air, when the valve opens, the fuel and air are 
forced through the small openings in the atomizer and 
mixed passing on into the cylinders by the greater pres- 
sure in the injection line. 
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Q.—What is the duration of opening of fuel valve? 
What happens if it opens too early or too late? 


A.—From 30 to 40 degrees. If valve opens early, it 
places too much stress on the bearings, cranks, and com- 
bustion chamber. If it opens too late, it causes a loss of 
power also excessive heat on exhaust valves. 


Q.—What kind of packing would you use on a needle 
valve? How would you set it up? 


A.—Use soft or hard metallic, set up gland reasonably 
tight, then loosen until it works by hand. 


Q.—Why are Diesel Engine cylinders less in diameter 
than steam cylinders? 


A.—Because the severe heat stresses set up would result 
in distortation and danger of cracks. 


Q.—What may cause a cylinder liner to become over- 
heated? 


A.—Want of cooling water or want of lubrication. 


Q.—Which is the stronger, a hollow shaft or a solid 
shaft of the same sectional area? 


A.—A hollow shaft of the same sectional area. 


Q.—What is the propeller shaft generally lined with? 


A.—With strips of lignum vitae wood which is as hard 
ag iron. 


156 SELLANDER’S LIGHTNING CALCULATOR 


Q— What is the advantage of a turbine or diesel electric 
drive over the turbine or diesel engine on short runs? 


A.—The turbine or diesel runs in one direction only. 
Starting and stopping losses are eliminated; supplies eur- 
rent to a reversible electric motor in either direction 
making it easier and more economical to handle. 


Q.—What is the cause of smoky exhaust? 


A.—Too much fuel oil—Black smoke. 
Too much air blast—White smoke. 
Too little air blast—Black smoke. 
Improper pulverizing of fuel. 
s of compression, causing incomplete combustion. 


Q.—How do you tell if water is in oil? 


A.—A piece of paper dipped in oil will burn with a 
sputtering effect if water is present, or you can use pre- 
pared strips of paper known as “‘water finder’ paper. If 
water is present, the color comes off; the color of the paper 
is chocolate-brown, if not, the color remains brown. 


Q.—How is a leaky air suction valve detected? 


A.—By hot sparks being ejected from the air suction 
inlet during the firing stroke. 


Q.—What might cause it and what effect will it have? 


A.—May be caused by a broken spring, cracking of the 
metal at the seat, or carbon deposits between valve and 
seat, etc. 
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Q.—Engine stops suddenly? 


A.—No spark, no oil, choked carburetor, fault in coil 
or in magneto, or wiring short circuited. 


Q.—What is usually the result if the compressor re- 
ceives too much oil? 


A.—Valves sticking, result of carbon in the high pres- 
sure stage of the compressor. 


Q.—How much oil should a 16-24” cylinder use? 


A.—A 16” from 6 to 9 drops per minute and a 24” from 
15 to 22 drops per minute. ‘The amount of oil used in the 
compressor is the engineer’s judgment; use as sparingly 
as possible. 


Q.—Give some causes for knocks in cylinders? 


A.—Too early or late ignition, lift of fuel valve too 
small, injection pressure too low, leaky valves or valves 
sticking, pulverizer not properly adjusted. 


Q.— What causes smoky exhaust? 


A.—Injection air pressure too low, partial choking of 
air inlet pipe slits, fuel valve lift too small, leaking fuel 
valve, too liberal lubrication of the exhaust valve, ex- 
haust valve leaking, atomizer choked or requiring adjust- 
ment. 
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Q.—Name and define the commonly used units of 
electricity? 


A.—A volt, an ampere, an ohm, a watt. 
Meaning of each is found in the electrical part of book. 


_Q.—How would you tell if the fuel oil lines are full of 
oil and free of air? 


A.—Open bleeder valve on line next to injection valve 
and work pump by hand, until oil flows out without air 
bubbling. 


Q.—What is most essential in lubricating oil for the 
Diesel Engine? 


A.—A medium or heavy oil with a high flash point and 
free uhey dirt and acids or other foreign material injurious 
to metal. 


_Q.—What is the most common way of oiling piston 
pins, cylinders, and compressors? Why? 


A.—Forced feed; it is more dependable and not so easily 
clogged up and will force oil against pressure. 


Q.—Name several good methods of oiling bearings. 


A.—Hollow crank shaft with force pump, or ring oilers 
with sight feed and gravity system. Oil is taken from tank 
to sight distributor through a pipe large enough to furnish 
an over supply. Distributor hus leads to each of the dif- 
ferent bearings and is adjusted by screw regulators to any 
required amount for each bearing. The rings should be 
in two pieces joined with a tight joint so they may be 
removed without dismantling the bearings in case of 
necessity. 
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Q.—Explain the operation of an exhaust and inlet 
valve. 


A.—An exhaust and inlet valve are operated by a cam 
motion, through a rocker arm, which pushes the valve off 
its seat. The inlet valve is cooled by air passing through 
it going to the combustion chamber. The exhaust valves 
are sometimes cooled by being water jacketed. An inlet 
valve is opened about 5 to 10 degrees before the top center 
and closes approximately about 20 degrees past lower 
center on first stroke of four cycle engine. An exhaust 
valve opens from zero to 40 degrees before the lower 
center and closes 0 to 10 degrees after top center on the 
fourth stroke. 


Q.—What happens if the exhaust valve opens early? 
Late? If the inlet valve opens early? Late? 


A.—If exhaust valve opens early, the gases escape 
before the stroke is completed, losing power also heating 
exhaust valve. If late, the gases back up in inlet, causing 
expanded gases to re-enter cylinder thereby losing power 
also forming a back pressure in the cylinder. If inlet 
valve opens early, the exhaust gases escape through it 
causing foul gases to re-enter the cylinder. If late, the 
cylinder gets insufficient air or poor mixture. 


Q.—What is the purpose of the fuel pump? 


A.—To force the fuel to the injection valve in required 
quantity. 
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Q.—Why should the pump be strongly constructed? 


A.—Because it is necessary to pump the fuel against 
the injection air pressure. 


Q.—What type of pump is used? 
A.—Plunger type of pump. 
Q.—How is the fuel delivered to the pump, controlled? 


A.—By varying the length of stroke of fuel pump piston. ~ 


By varying the length of time of the intake valve of pump 
suction. 


Q.—What is the best fuel pump packing? 


A.—Semi-Metallic or Mugul H. P. J ohn Crane Metallic 
(Bees Wax Center). 


Q.—What minor trouble may the fuel oil pump develop? 

A.—Leaky packing and joint, checks not seating. 

Q.—What attention should be given to the fuel system 
before attempting to start engine? 


A.—Pump must be in working order, supply valves 
open, and all air drained from fuel lines up to injection 
valve. 


Q.—What is the duty of a cylinder head on a four cycle 
Diesel Engine? 


A—lIt closes up the end of the cylinder and contains 
the valves. 
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Q.—What valves are generally in the head of a four 
cycle engine? 


A.—The starting air valve, inlet valve, fuel oil valve, 
and exhaust valve; also very often a relief valve and in- 
dicator try cock. 


Q.—What is an indicator used for on a Diesel engine? 
A.—To find the M. E. P. in the cylinders. 


Q.—What are the duties of the different valves in the 
‘head of a four cycle Diesel Engine? 


| 


_ A.—The starting air valve admits air into the cylinder 
at the proper time to start engine rotating. The inlet 
‘valve admits the fresh air into the cylinder required for 
combustion. ‘The fuel oil valve admits the fuel to the 
cylinder. The exhaust valve lets the exhaust gases escape 
\from the cylinder. . 

The relief valve relieves the pressure from the cylinder 
when +t is TOO GREAT and is very important. 


Q.—Where is the opening of the injection valve set? 
Why? What happens if the injection valve sticks? 


A.—From 4 to 7 degrees on slow speed engines. From 
7 to 11 degrees on high speed engines to give as much head 
combustion as possible and not place too much stress on 
the bearings, combustion chamber and piston heads. If 
injection valve sticks open, the oil leaks into the cylinder 
and ignites early, causing overload on cylinder parts and 
opens relief valve; loss of injection air. If the injection 
valve sticks closed, the oil backs up in the injection line 
(air) to other cylinders, causing overload, or breaks 
through the oil line, rupturing same. 
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Q.—How heavy an oil may be used in a Diesel Engine? 


A.—Oils having a specific gravity of .87 to .97 and from 
15 degrees to 31 degrees Baume, and a flash point of from 
220 to 250 degrees Fahrenheit. 


Q.—What fuel may be used in a Diesel Engine? 


A.—Petroleum oils, oils distilled from coal, shale and 
lignite are of practical value. 


Q.—What is distillate gasoline and how produced? 


A.—Gasoline is distilled from the crude oil and is the 
first product and the distillate is the second distillation. 


Q.—Give a general description of the Bolinder Engine? 


A.—It is of the 2 cycle type and equipped with a hot 
bulb head which is heated before starting. The oil is 
pumped into the cylinder in a solid stream (not sprayed 
with air) and the hot oil is ignited by the hot bulb. The 
crank case acts as a scavenger pump similar to that of a 
two cycle gas engine. To reverse the engine, shut off the 
oil to the main pump and throw reverse lever over, and 
when the engine has slowed down enough, an auxiliary 
fuel pump is thrown in automatically which gives the 
engine a shot in the reverse direction. When the engine 
is going well in the desired direction, throw in the main 
fuel pump, which automatically disconnects the auxiliary 
pump. The engine is reversed in this manner and is also 
usually connected to the shaft by a reverse clutch, which 
it is necessary to disengage before working the engine. 
On engine picking up speed the reverse clutch is again 
thrown into action. 
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Q.—Describe the reversing gear of a Bolinder and how 
it operates? 


A.—On the smaller type, it is done by a clutch on the 
shaft, but in the larger types it is done by pre-ignition. 
The engine is slowed down and just before it reaches the 
top of the compression stroke, a shot of oil is injected into 
the cylinder which forces the piston back in the opposite 
direction to that which it has been turning. By means of 
the cams on the cam shaft, the timing of the valves is 
changed so that a new cycle takes place. 


Q.—Describe the reversing gear of a Diesel Engine? 


_ A.—This is done by compressed air applied to the cyl- 
inders by valves and cams provided for, until momentum 
is obtained to apply fuel oil to combustion chamber. 


Q.—Name the principal parts of a Diesel Engine? 


A.—Main working cylinders, connecting rods, crank 
shaft, fuel pumps, multi-stage air compressor, fuel ato- 
mizer, fly wheel and timing gear. 


Q.—Describe the construction of exhaust valve and 
inlet valve. What valves are cooled? How? Why? 
What tension do the springs usually carry? 


A.—The valves are usually of the mushroom type, a 
guide, a spring and a cast iron seat, sometimes in a separate 
cage, sometimes cast in the head. Exhaust valves are 
cooled by a circulation of water through the stem. The 
cages are cooled by a circulation of water around the valve 
stem guide. The valves or cages or both are cooled to 
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prevent the burning of the valve seat or stem, also pitting 
of the valve and seat, and to prevent the stem from stick- 
ing in the seat. There should be enough tension on the 
springs to seat the valves quickly and to hold them gas 
tight when not in operation. 


Q.—When was the Diesel engine invented? How does 
it derive its power? 

A.—Invented in 1892. 

Derives it power from combustion of oil in different 
forms within the cylinder of the engine. 


Q.—Name some good insulating substances? 


A.—Dry wood, glass, resin, paraffine, wax, silk, rubber, 
slate and Bakelite also patented compounds. 


Q.—Describe the difference between Centrigrade and 
Fahrenheit scale? 


A.—The Fahrenheit scale registers from 32° (freezing 
point) to 212 degrees, the latter being the boiling point 
of fresh water at 14.7 lbs. atmospheric pressure. The 
Centrigrade scale, registers from zero degrees at the 
freezing point to 100 degrees at the boiling point. 


Q.—How would you proceed to stop the functioning of 
one cylinder while engine is running? To start operation? 
Why handle your air and oil valves in this order? 


A.—To stop, close oil valve, then air valve. 

To start, first open air valve then oil valve. 

The rule is to never have the oil turned on unless the 
air is on, because of the danger of flooding the spray 
nozzle and causing dangerous shocks in the cylinder. 
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Q.— What is ohm laws? 


__ A.—The basis for all figuring concerning the flow of an 
electric current, stated as current equals voltage+ 
resistance. 


Q.—What is the electrical equivalent of a H. P.? 
A.—746 Watts. 


Q.—Upon what principal is the operation of all electrical 
generafors and motors based? 


A.—On the principal of a circuit cutting a line or lines 
of force. 


Q.—Give a simple method of determining the polarity 
of the positive and negative poles of a battery or generator? 


_ A.—The potato test is the simplest. Cut a raw potato 
in two, then insert the leads of the wires running from the 
respective terminals into the surface of the spud, and the 
wire carrying the negative current will bubble and turn 
a bluish green. 


Q.—Name some of the better conductors of electricity. 
A.—Silver, copper, brass, and aluminum. 


Q.—Is German Silver a good conductor? 


A.—No. It is a high resistance conductor and is used 
for resistance windings. 

What is the I. H. P. of a 4 cycle engine, diameter of 
cylinder 28 inches, stroke 46 inches, revolutions per 
minute 120, mean effective pressure 70 Ibs. 
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Find I. H. P. for 6 cylinders. 


PXL’xXAXN 
Formula. I. H. Pp. =——-—-——_——— 
33000 


P=the mean effective pressure. 

L’=the length of stroke in feet. 46” =38 feet. 
A=Area of cylinder. 

N=No. of power strokes. 120+ 2=60 power strokes. 
33000 = 1 horse power. 


28 X28 X .7854 =615.7536 Area of cylinder. 
615.7536 X70 =43102.752 Ibs. total pressure. 
43102.752 X38 = 165227.216. 

165227.216 X60 =9913632.96. 

9913632.96 +33000 = 300.41+-1.H.P. one cylinder. 
300.41 X6=1802.46 I.H.P. for 6 cylinders. Ans. 


Notr—Always work the stroke in feet. _ 
Gas and oil engines have power on one side. 
Steam engines have power on both sides. 


Ans. 1802.46 I. H. P. for 6 cylinders. 


Diameter of boiler 8 ft., thickness of plate is } inch, 
tensile strength 60000Ibs. Find safe working pressure for 
single and double riveted. 


SxT 
Formula.W.P.=——— 
R’ 
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W.P. = Working pressure. 
S=Stress or ¢ of tensile strength. 
T=Thickness of plate. 

R” = Radius or 4 of diameter. 

Add 20 per cent for double riveted. 
Always work boilers in inches. 


4 of 60000 Ibs. = 10000 Ibs. 
8 ft.=8 X12 or 96” dia. 
4 of 96” =48” Radius. 


Ans. 156.25 single rivet. 
Ans. 187.5 double rivet. 
625 
12730 1 
1G6OOX2Z 625 
——— = — = 156.25 lbs. single riveted. 
ABX4A 4 
See 


2 


156.25 .20=31.25. 
156.25-+31.25 = 187.5 lbs. double riveted. 


Find the pitch of a wheel whose forward corner of blade 
is 2 ft. in advance of the after corner, round the edge from 
corner to corner is 3 ft. and the diameter of screw is 8 ft. 


The piece of pitch is the perpendicular. 8 oS 
The thread is the hypothenuse. a Lt 
The base is the piece of circumference. 2, 
2.24¢ 
From the square of the hypothenuse subtract the square 


of the perpendicular. and the square root of the difference 
will be the base. 
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Diameter X 3.1416 X piece of pitch + piece of cir- 
cumference equals pitch of wheel. 


32—22=9—4=5 ~¥ 5=2.24' piece of circumference. 
3.14168’ dia. =25.1328’ whole circumference. 
25.1328 X2 = 50.2656’. 

50.2656 + 2.24 = 22.4 ft. pitch. Ans. 


P=Pitch. CXp 
C=Circumference. P=—— 
p=Piece of pitch. Cc 


c= Piece of circumference. 


Pitch of stays 6” from center to center, pressure 180 Ibs. 
Find stress. 

Pitch squared X pressure = Stress. 
6X6 X180=6480 Ibs. Ans. 


Diameter of valve 3”, steam pressure 150 Ibs., length of 
lever 36”, weight of lever 16 lbs., weight of valve and stem 
10 Ibs., fulcrum or short arm 4”. Find weight to be placed 
on end of lever. 


(AX P—EM) XF 
Formula. W=———————— 
LL 


A=Area of valve. 

P = Pressure. 

EM = Effective moment. 
F=Fulerum. 

W = Weight of ball. 
LL=Length of lever. 
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3 of length of lever X weight of lever + F-+the weight 
of valve and stem=EM. 


3)36 = =18X16=288 lbs. 


18 
4)288 72+10=82E.M. 


72 


3” X83 X.7854=7.0686" Area of valve. 
7.0686 X 150 = 1060.29 Ibs. T. P. under valve. 
1060.29—82 = 978.29 lbs. 

978.29 X4=3913.16 lbs. 
3913.16+36=108.69+lbs. W. Ans. 


A ship makes 12 knots per hour by wheel and 10 knots 
by actual run. Find percentage slip. 


.162 slip. 
12 knots 12)2.00 
10 12 
2 knots loss. 80 
72 
8 


.163 percent slip. Ans. 


Note—Look in other part of this book and you will 
find the different kinds of problems on boilers, pumps, 
propellers, tanks, safety valves, stays, etc. 
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Study decimals, fractions, areas, circumferences, and 
square root. 

Watch your decimal point, work all problems by for- 
mulae, learn to master them, and you will be right. 


Always prove your work. 


STEAM TURBINES. 


The steam turbine gets its power from the action of 
steam upon blading attached to a wheel mounted on a 
shaft. The steam under pressure passes through nozzles 
or a series of sets of nozzles which expands the steam to a 
lower pressure and gives it the proper direction of flow. 
The steam in expanding acquires speed in giving motion 
to the blades (moving blades) mounted on the wheel by 
directing the steam against the moving blades. The steam 
loses velocity (speed) and the blades gain velocity (speed). 


Tue Impvutse Trrn. It directs the jet of steam from 
stationary nozzles against the moving blades. The steam 
velocity is reduced when the steam strikes the moving 
blades and the direction of the steam jet is changed. This 
is called the impulse type. The moving blades are secured 
to the wheels and drum, the steam works upon these 
blades to produce motion of the rotor. Wheels are used 
in the H. P. end and drums in the L. P. end of the turbine. 


Tue Reaction Tyre. The steam is expanded in pass- 
ages between the stationary blades and the moving blades. 
The expansion of the steam in the stationary or fixed 
blades gives the steam enough velocity for it to flow into 
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the moving blade passages and also gives the moving 
blades some impulse. The steam expands and increases 
its velocity in the moving blade passages and leaves these 
passages in the direction opposite to that of rotation of 
the moving blades. As it leaves these blades, it gives a 
“kick” to them. This “kick’’ is reaction. Reaction Type. 

There is also another turbine which uses both impulse 
and reaction. 

The turbines used on ships are mostly the Curtis, 
Westinghouse and Parsons. 

The usual blade tip clearance is about .005 of an inch 
top and .015 of an inch on the bottom. 

The parts of a turbine are the Rotor the revolving part 
which consists of the Drum (reaction). The moving 
blades are attached to the drum which is mounted on a 
shaft. The steam acting on the blades produces motion. 
Wheels and Drum (impulse) are mounted on a shaft. 
The moving blades are attached to these. Wheels are 
used in the H. P. end and drums in the L. P. end of the 
turbine. 


Sart. The shaft transmits the motion of the drum to 
the propeller either directly or through reduction gear. 


Movine Buapes. These are secured in rows to the 
drum (reaction) and to the wheels and drum (impulse). 
The steam works upon these blades to produce motion of 
the rotor. 


Casing. This surrounds the rotor and is divided into 
two parts by a horizontal joint. The lower part is secured 
to the ship by feet. In the feet at the L. P. end of turbine 
the bolt holes are made oblong to allow for the expansion 
of the casing when the turbine is heated. Attached to 
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the casing is the steam chest which is at the H. P. end of 
turbine and receives steam from the main steam line and 
delivers it to the first row of nozzles (impulse) or the first 
row of fixed blades (reaction). 


Exuavust Cuamper. This is at the L. P. end and re- 
ceives the steam from the last row of moving blades and 
delivers it to the condenser. 


_ Frxep Buapes (reaction). These are secured to the 
inside of the casing in complete rows. 


_ Frxep Buapes (impulse). These are secured to the 
inside of the casing in segments sufficient to cover the 
steam path from the nozzles, to guide the steam through 
the moving blade passages on the wheel. They are secured 
to the inside of the casing in complete rows to guide the 
steam and to form nozzles, where the steam passes through 
the moving blades on the drum. 


Nozzxs (impulse). They are secured in segments to 
the casing orto the diaphragms in the stages where wheels 
are used. 

The nozzles, where drums are used, are the spaces 
between the fixed blades. The nozzles guide the steam 
and exhaust it to increase its velocity. It is necessary 
for the steam to move to do its work in the moving blades 
attached to the wheels and drums. 


DiarHracms (impulse). As there is a drop in pressure 
from one wheel stage to the next, the compartments in 
which the wheels revolve must be separated from each 
other. This is done by diaphragms which are stationary, 
and generally in two parts. A steam-tight joint is made 
between the casing and diaphragm. Where the shaft 
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passes through the diaphragm, steam leakage is prevented 
from one stage to the next by bushings, with several knife 
edges, attached to the diaphragm. 


Brarines. The rotor is supported by bearings. The 
shaft is provided with suitable journals which rest in the 
bearings. These bearings confine the rotor to its proper 
plane of rotation. 


Apsustine Buock. This is a thrust bearing which takes 
up any unbalanced fore and aft thrust, also keeps the 
rotor in its proper fore and aft position to prevent the 
moving blades rubbing on the fixed blades. In the case 
of the reaction turbine, it governs the amount of clearance 
in the dummy packing. 


GLaNps To PrRevENT STEAM LEAKaGE. It is necessary 
to make as much steam as possible pass through the 
moving blades and do work. Steam leaking or passing 
from the H. P. end to the condenser by any other way 
than through the blades is a loss. in fuel as it does no work. 


Dummy Packine (reaction). This is known as labyrinth 
packing. Half of it is secured to the H. P. end of the drum 
and revolves. This part of the drum is the dummy piston. 
The other half is secured to the casing or a cylinder secured 
to the casing. This part of the casing is the dummy 
cylinder. 

The dummy packing minimizes steam leakage from the 
H. P. steam chest. 


Suarr Guanps. Glands are placed around the shaft 
and secured to the casing, to prevent steam and air leak- 
age. Air leakage increases the work of the main air pump 
in removing the air from the condenser. ... —... 
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ADJUSTMENT OF Marin Brarina Wear. The turbines 
are originally installed with the bearings machined so that 
the center line of the rotor is about .005 of an inch higher 
than the center line of the casing, that allows .005 of an 
inch wear and leaves the rotor centered in the casing. In 
other words that gives you .005 of an inch blade tip 
clearance on top and .015 of an inch blade tip clearance 
on the bottom. 

_ If the rotor drops .002 of an inch below the center posi- 
tion, the rotor should be raised by placing shims under 
the bearing or new lower brasses fitted. For checking 
the height of the shaft, the distance from the shaft to a 
fixed point on the bearing base, directly under the shaft, 
should be carefully measured. After each run, this 
height should be checked at all main bearings. 

In turbine engines you should check the fore and aft 
clearance, blade tip clearance and the main bearings 
gauges are provided for these. Watch your oil pressure, 
water and gauges. 


Diarpuracm Busurnes (impulse). Where the shaft 
passes through the diaphragm, steam leakage from one 
wheel compartment to the next is minimized by the use 
of a bushing with several knife edges projecting toward 
the shaft. This bushing is secured to the diaphragm. 
Wear on the lower turbine bearings will lower the rotor 
and shaft and cause wear on the bottom part of the bush- 
ings, and cause increased steam leakage through the top 
of the bushings. 


Lusricatine System. Turbines are lubricated with 
forced lubrication by the oil pump at a pressure of from 
5 to 40 Ibs. accordingly. The oil passes through a cooler 
and strainers upon going to the bearings. 
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Suitable pumps are used to handle the oil. Use a high 
grade turbine oil that does not gum. 

Clean one strainer at a time when the pressure goes 
down a little. 

The oil drains from the bearings into a drainage tank. 
Fresh oil is taken from the storage tank. 


Drains. To keep the turbines dry and free of water. 


Gauers. Are provided at different parts of the casing. 
Relief valves are attached to the casing to prevent too 
high a steam pressure in the casing especially at the H.P. 
end. 


Avto-Stop Mrcuanism. Mounted on the main rotor 
shaft. Shuts off the steam in case of overspeed or ex- 
cessive endwise movement of the rotor caused by improper 
adjustment of the thrust bearing. 


Turorrte Vatve. It has a powerful coil spring and 
assists to force it shut against any reasonable amount of 
sticking and an oil dash-pot prevents it from slamming 
on its seat when tripped by the automatic stop mech- 
anism. 


Cuzarance Micrometer. In impulse and reaction 
turbines it is necessary to adjust the fore and aft clearance 
between the moving blade rows and the fixed blade rows 
so that the moving blades will not rub against the fixed 
blades in any condition of running. In reaction turbines, 
it is also necessary to keep the clearance (where clearance 
is fore and aft) between the dummy packing strips as 
small as possible to prevent steam leakage. The adjust- 
ment of clearance fore and aft position of the rotor, 
should be done when the turbine is hot, from a fixed point 
in the casing. 
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Bripce Gauae. It is used to measure the wear of the 
lower brasses of the turbine bearings also the wear on the 
lower side of the diaphragm bushings of impulse tur- 
bines, and in reaction turbines to prevent the blade tips 
from rubbing on the casing. 

A bridge gauge measures the drop of the top of the 
journals from a fixed point on the bearing support. 


ApsustMents—Courtis Turpins. There are two ad- 
justments to be made, the fore and aft clearance and the 
bearing wear. 

The rotor is held from moving fore and aft by the thrust 
bearing, and adjustment is made by means of the nuts 
holding the side rods. The normal running condition is 
with the clearance on each side of the moving blades 
about equally divided, with slightly greater clearance on 
the forward side of the moving blades than on the after 
side. Peep holes are provided for examining these clear- 
ances with feelers, also a clearance indicator is fitted to 
show the position of the rotor relative to the casing. With 
the turbines thoroughly heated and jacking gear con- 
nected, haul the turbine rotor forward by means of the 
adjusting nuts on the side rods, turn each nut equally 
about one-quarter of a turn each in succession (together). 
Start jacking the turbine and continue hauling forward 
until the rotor rubs. Then take reading of clearance 
indicator. Next force the rotor aft in the same manner 
as above until it again rubs. Take clearance reading. The 
difference between the two clearance readings gives the 
total clearance in the turbine. About five-eighths of this 
clearance should be on the forward side of the moving 
blades. Add this amount to the reading of the clearance 
indicator when in the forward rubbing position; this gives 
the indicator reading for the running position. Haul 
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turbine forward until this reading is obtained on clearance 
indicator and then secure. 


The clearance indicator consists of a splindle through a 
stuffing box in the forward head of the turbine casing, and 
may be turned or moved fore and aft by means of a handle 
on the outer end. Attached to the outer end is a pointer 
or graduated drum (scale) which indicates the amount of 
movement in a fore and aft direction, of the spindle. The 
inner edge of the spindle has a semi-circular section. 
Normally, the spindle is pulled forward and the semi- 
circular section turned up where it rests against a stop in 
the casing. In this position the drum is adjusted to read 
zero. 


PARSON TURBINES. 


In the turbine engine, the number of expansions of 
steam is much more than in a modern triple-expansion 
engine. You get more work out of the number of steam 
expansions and higher vacuum. The various sets of blades 
increase in length from the forward end to the after end 
as the smaller blades are the H. P. the next rows are 
larger the I. M. P. and the last rows the largest, the L.P. 


“The clearance spaces between the blades also increase in 


proportion, which require packing pieces of a larger size. 
The blades also vary in shape or curves, being flatter in 
the after end than in the forward end. 
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Each stage consists of a ring of stationary blades which 
gives the direction and velocity of steam against the mov- 
ing blades on the shaft. The smaller packing pieces are 
made of brass and caulked in between every pair of vanes 
and vary in size according to position occupied by them 
in the turbine, being small at the H. P. end and larger at 
the L. P. end. Dummies are placed at the steam admis- 
sion end of turbine. The facial dummy is usually fitted 
in the ahead turbine, and the radial dummy in the astern 
turbine. The principal of the dummy is to prevent the 
steam from escaping through the interior of the rotor to 
the exhaust end of the casing, instead of doing its legiti- 
mate work in passing through the blades of the turbine. 
If no dummies were fitted, the full initial pressure would 
be on the glands instead of exhaust or terminal pressure. 
Clearance of dummy is usually .015 to .020 high pressure 
turbines and .920 to .03 in the L. P. turbines. The dummy 
clearance should be tested with the feeler gauge before 
and after heating up, as this is the most important and 
delicate adjustment in the whole turbine and one on 
which the economy and mechanical efficiency greatly de- 
pends. Should the dummy rings and grooves overstep 
the .020 or so clearance, breakdown is sure to occur. 
Test them every day or so. To prevent air finding its 
way. back into the L. P. turbine casings, a U bend is 
arranged on the air pump suction pipe to act as a “water 
seal’’;as this bend contains water, the admission of air is 
prevented even should the air pump stop working. The 
non-return valve would also prevent it. 
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STEAM TURBINES—QUESTIONS. 


Q.—Name the two types of turbine engines. 
A.—The “Reaction” and the “Impulse” type. 


: Q.—Describe the principal action of the “Impulse” 
ype. 

A.—The expansion of steam takes place in the station- 
ary nozzles and the steam is directed against the moving 
blades which drives the revolving disks and attached 
blades around. 


Q.—Describe the principal action of the ‘“Reaction” 
type. 

A.—The expansion of steam takes place in the moving 
blades themselves and with “reactive” force against the - 
blades, drives them and the attached rotor around. Very 
little expansion takes place in the stationary blades. 


Q.—Which type has the least blade tip clearance? 


A.—The “Reaction” type,.in some cases as small 
.025 of an inch. 


Q.— Why is the balance piston or dummy used? 


A.—To obtain equal pressures on the ends of the spindle 
and the reaction blades in a reaction turbine. This prac- 
tically does away with the heavy end thrust due to the 
high steam pressure on one end of the spindle and the 
low steam pressure on the other end of spindle. 


Q.—Why is a high vacuum required? 


A.—The higher the vacuum the better results, also 
when running ahead the astern element should run in a 
high vacuum in order to prevent Windage. The dia- 
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phragm is used to separate these two chambers; when 
running astern these conditions are reversed. Which 
ever one is idle should run in as nearly a perfect vacuum 
as possible. If run long on a low vacuum it would cause 
trouble by overheating. On low pressure turbines or 
single cylinder complete expansion unit, the diaphragm 
is not used because the ahead and astern element ex- 
haust in the same chamber and revolve in the same 
vacuum at all times. 


Q.—What do the spindle glands consist of? 


A.—Consists of two parts. The steam seal and water 
seal. The steam seals the gland and keeps the air out. 
The water seal acts like the runner of a centrifugal pump, 
causing the water to revolve and preventing the air to 
enter the turbine. 


Q.—How do you start the turbine? 


A.—Open all drains, start oil pump for lubricating the 
journals, have water circulating around the journals, 
start circulating and air pump, then open throttle slightly 
to warm turbine casing, open steam seal to packing cases 
till a little steam escapes around shaft. When turbine is 
warmed up a little, get it turning over as soon as possible 
as that is the time it gets warmed up evenly. When under 
full speed watch the oil pressure, water discharge, vacuum, 
and feel bearings; avoid air leaks. 


Q.—How do you stop the turbine? 


A.—When finished, close throttle, open all drains, and 
close down all auxiliaries. 
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Q.—How is the rotor balanced? 


A.—It is balanced at all loads and pressure by the 
balancing pistons. 


Q.—Moving blades receive motion from what two 
causes? 


A.—Impulse, steam striking them, other Reaction 
steam leaving them. 


ELECTRICITY. 


Volts means a unit of pressure, same as the pressure of 
steam or water pressure in pipe. 


Amperes means the rate of flow of current, same as the 
amount of water or steam going through a pipe. 


Ohms means the resistance, same as the friction or 
resistance of steam or water going through a pipe. 


Watt is the electrical unit of power (Watts equals Volts 
x Amperes). 


A Kilowat tis 1000 Watts or 14 horse power. 
Electrical units are rated in Watts. 


Switches are the same as the valves on the steam or 
water line. You open and close them. 


Wires for current to pass through, same as the pipes 
for water or steam to pass through. 
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The smaller the wire is, the smaller the pipe, the more 
friction and resistance, therefore you use larger wires or 
larger pipes to have less friction, etc. 


; Too small a wire gets hot when overloaded and causes 
res, 


No. 12 and No. 14 wire are generally used for electric 
light plant on ships. 


Fuses act the same as a safety valve; they both blow 
when the pressure gets too high. The fuse blows when 
shorted or overloaded. Replace with new fuse. 


Q.—How is the switch board arranged? 


A.—It is made of slate or marble and set off from the 
wall so as to have an easy access to all connections. The 
instruments it carries are, generally, an ammeter, to show 
the rate of flow of current, a voltmeter, to show the ten- 
sion of the current, a rheostat, for regulating the current 
of the fields of the dynamo, a switch, to break the total 
current, to cut out any of the external circuit and safety 
fuses, or to prevent any circuit from carrying more than 
its safe load of current, the circuit’ breaker, sometimes 
placed on the dynamo to protect dynamo and kicks out 
when there is a short circuit or an overload on the line, 
ground lamps, to show when there is a ground, the two 
poles of the dynamo connect by heavy cables to the bus 
bars, from which the external branch circuit starts. 


An automatic circuit breaker is generally placed between 
the dynamo and main switch; it is used to protect the lines 
and machines from burning out, due to an excessive 
current caused by short circuits or an overload. Fuses 
are placed on all distributing circuits between the line 
and the switch. Direct current is one flowing in one 
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direction D. C. Alternating current is one which reverses 
or changes its direction many times each second A. C. 
A dynamo is a machine that changes mechanical energy 
into electrical energy. It consists of several essential 
parts, as a field magnet, an armature, a commutator, and 
the brushes. A voltmeter is wired in series with the line. 
In series means in continuation. An ammeter is wired in 
shunt across the line. In shunt means branched off. A 
rheostat controls the current by raising or lowering the 
voltage as you wish by cutting in or cutting out the resist- 
ance. Circuit breaker kicks out when there is a short on 
the line or an overload. Locate and fix it before throwing 
it on the line again. It acts about the same as the auto- 
matic cocks on a water glass which shuts off when water 
glass breaks. 


Circuit Breaker. An overloaded engine will stop. 
An overloaded dynamo will work right on until it is burned 
up; that is why fuses and circuit breakers are used in the 
circuit. The circuit breaker is placed between the dynamo 
and switch board to take care of those troubles. 

A wire carrying too much current will heat up and melt. 
To prevent this, the fuse plugs are used in the circuit 
which takes care of those troubles and also of shorts on 
the line. On a search light the positive carbon is larger 
than the negative carbon and is sometimes cored. ‘The 
positive carbon gets hotter than the negative one and 
forms a sort of cup from which most of the light comes. 


A dynamo is merely a machine for changing mechanical 
energy into electrical energy by means of electro-magnetic 
induction. It should be placed in aclean, dry, cool place 
and also easy to get at. 

Potential means the difference of electrical tension 
existing between the positive and negative leads. 
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Size of wire depends on the amount of current it has to 
carry or number of amperes. 


The insulation of a wire depends more on the number 
of volts carried by the wire. 


Fuses and cut-outs are constructed to melt when the 
current becomes double the working current. 

Arc lamps usually run from 45 to 55 volts and require 
from 8 to 12 amperes of current. 


A loose or bad connection in the field circuit will 
generally be the reason to fail to excite if dynamo has 
run all right. 


Should the polarity of a dynamo be accidentally re- 
versed, stop the machine, lift all brushes clear of the com- 
mutator, close the main switch and open it again, but as 
slowly as possible. 


The life of electrical globes is 1000 hours or more of 
continuous burning depending on the brand of lamps. 


If in screwing a new globe into a lamp socket it blows 
or turns white or black inside, it shows that air was in 
the globe and it is a faulty lamp. It can be replaced free 
of charge. 

Tungsten lamps are vacuum filled. 

Nitrogen lamps are gas filled. 

The old style carbon lamps use three times more electri- 
city than the tungsten globes. 

1000 watts = 1 kilowatt. 

A ten watt lamp will burn 100 hours before it uses 1 
kilowatt. Proof 1000 watts divided by 10=100 hrs. If 
you have burning steady a 25 watt, 40 watt and one 60 
watt=125 watts total 1000-+-125=8 hrs. burning before 
using 1 kilowatt. 
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Use the right voltage globes. If you used a 32 volt 
lamp on 120 volt machine it would blow immediately. 
Voltage too high. 


Current is generated in a dynamo by the inductive 
effect of the armature as it revolves in the field space 
between the magnet poles. The armature conductors cut 
the lines of magnetic force and induce flow of current 
within themselves. Magnetism is necessary to obtain 
electric current. This is supplied by the poles of the 
machine, which are partly magnetized to begin with. 


Short circuits are two wires touching, insulation gone 
or in contact with some metal, causing the current (juice) 
to take a shorter path back to the dynamo. 


Construction of Motor and Generator is similar; re- 
sistance switch is fitted to motor for stopping and starting. 


Generator gives out current. 


Motor is supplied with current from a generator to give 
power mechanical. 


Working parts should be kept clean and free from dirt, 
oil, or filings. 


Sparking at brushes is caused by flat on commutator, 
short circuit between copper blocks, faulty adjustment of 
brushes, mica insulation projects beyond copper bars, 
fusing of armature conductor due to broken coil or short 
circuit, heating of field coil due to overload on machine, 
loose connections and dirty commutator. 


A’ dynamo must be kept clean and dry. The parts 
which require the most attention and care are the com- 
mutator and brushes. Watch the oil and bearings. 


186 SELLANDER’S LIGHTNING CALCULATOR 


To tell the positive from the negative wire, dip the 
ends of both wires into a glass of water and the one that 
makes the bubble is the negative wire and the other the 
positive. Another way is to dip the ends into a sliced raw 
potato and the one that turns green in the potato is the 
negative wire and the other is the positive. 


The negative sign is marked thus. — 
The positive sign is marked thus. ++ 


Q.—How is a boat wired? 


A.—Wires should be run in approved conduits, armored 
casing, or moulding. Iron conduits should be used in 
bunkers, storerooms, cargo spaces, etc. Avoid joints in 
the above spaces, also in all leads where they are liable 
to mechanical injury. Wires carried through water-tight 
decks or bulkheads should have a suitable stuffing box 
at deck or bulkhead; where there is danger to injury they 
should be protected by suitable boxes or cages. Have 
wiring easy to get at in case of repairs and examination, 
avoid all traps for water, have joints well secured, then 
solder and wrap with water proof tape. 


Q.—What are the most common methods of wiring? 


_ A.—The two-wire principle, with the lamps, or motors, 
in parallel, which system allows an easy cutting-out of 
any desired number. 


Q.—What are the important parts of the distributing 
system of the electric current? 


_A.—The switchboard, wiring, lamps, and motors. 
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Different styles of dynamos are in use with two, four 
or six poles, requiring fewer revolutions with the larger 
number of poles. Some forms have the field pieces shaped 
so as to enclose the whole dynamo, while others have it 
open. 


Compound dynamo used to operate in parallel. 


Shunt wound dynamo used for electric lighting and for 
operating motors. Brushes set at the least sparking. 
In rotation (direction) shift for heavy loads (back for 
light loads). Fail to generate, broken wires in field coils, 
poor contact at brushes or loose connections (no mag- 
netism in iron core of field magnets) short circuit, faulty 
position of brushes. Ammeters are placed in series with 
one of the leads and voltmeters in shunt with the current 
to be measured. Upper or positive carbon cup shape 
(D. C.) acts as a reflector to throw light downward; 
positive carbon burns twice as fast as the negative or 
reverse (polarity) negative 4 of positive. 


ICE MACHINES. 


The efficiency of a refrigeration system depends on the 
temperature of the condenser water, whether there is 
sufficient condenser surface for the compressor and whether 
or not the condenser pipes are free from uncondensable 
foreign gases. 


The evaporating or back pressure within the expansion 
coils of a refrigeration system depends upon the tempera- 
tures on the outside of such coils, that is, the air or brine 
to be cooled. 


188 SELLANDER’S LIGHTNING CALCULATOR 


The condenser pressure should be kept as low as possible 
and the back pressure as high as possible. 


There are numerous makes of ice machines on the 
market such as the Allen Dense Machine, Carbon-dioxide 
Machines, York Machines, etc. Directions and blue 
aia come with each of them, telling how to operate or 

andle them most satisfactorily. 


You do not get as good results in tropical climates as 
in the cold climates. 


Allen Dense Air System takes for compression air of 
considerable pressure which is contained in the machine 
and in a system of pipes. The air at 60 or 70 lbs. pressure 
is compressed to 210 or 240 Ibs. It is then passed through 
a coll immersed in circulating water and cooled to nearly 
the temperature of the water. It then passes into an 
expander, which is, in construction, a common form of 
steam engine with a cut-off valve. This engine takes out 
of the air a quantity of heat equivalent to the work done 
by the air while expanding, to the original pressure of 60 
or 70 lbs. and reduces its temperature to about 90° to 
120°F. below the temperature of the cooling water supply. 
The return stroke of the piston pushes the air out through 
insulated pipes to the places that are to be refrigerated, 
from which it is returned to the compressor. The air 
ae out by the expander is commonly about 35 to 55 

low zero F. 

_It is also arranged so that it may obtain still lower 
temperatures. 
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ADVICE TO ENGINEERS. 


Keep a clean looking engine room and fire room. 


Keep a log and data of all the work you do and have a 
regular time for doing it as it will save you a great deal of 
worry and trouble. 


Fix small leaks as soon as possible. 


Keep all pumps well packed and don’t let packing get 
too old or hard, pump must work free and easy. 

By keeping things clean and painted you avoid a great 
deal of rust and corrosion. 


Keep boilers, condensers, and all auxiliaries clean to get 
best results. 


Keep the engines and thrust in line. 


While on watch, keep a good lookout and notice con- 
dition of things and anything that is needed to be done 
make a note of, and make repairs when you can. By 
using a system, you get the best results and save time and 
money for all. 
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